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CHAPTER-I 
INTRODUCTION 
The Mesozoic Kachchh Basin is situated at the southern edge of the Indus Shelf at 
right angle to the southern Indus fossil rift (Zaigham and Malik, 2000).The marine 
Jurassic rocks of Kachchh deposited in an extensive Tethys at the northwestern comer 
of Indian plate are particularly well known for their mega fossils. These rocks first 
received the attention of geologist when this region was hit by major earthquake in the 
year 1819.Since then, a large amount of work has been carried out on stratigraphy and 
megafossils of these rocks. The disastrous earthquack on 26 Jan 2001 which rocked 
the entire Kachchh has once again attracted the attention of geologist to this region. 
Kachchh Basin is bounded by the Nagar Parkar fault in the north, Radhanpur-Barmer 
arch in the east and Kathiawar fault towards the south(Biswas,1982) (Figure 1). The 
basin configuration was controlled by the primordial fault pattern in the basement 
rocks (Biswas, 1977).The Mesozoic rocks ranging in age from middle Jurassic to 
lower Cretaceous occur conspicuously in the various major uplifts, and are exposed 
extensively in the Kachchh Mainland, Wagad, the island of Patcham, Bela, Khadir 
and the Chorar hills. Mesozoic sediments ranging in age from Bajocian to Albian 
(Rajnath,1932; Singh et al.,1982;Fursich et al.,2001) (Table 1) lay unconformably on 
Precambrian basement (Bardan and Datta,I987). 
The Middle Jurassic sediments of the Kachchh Basin are predominantly siliciclastics 
consisting of conglomerates, sandstones and silty clay, carbonates and mixed 
carbonates. Siliciclastic rocks in the Kachhch Basin are largely confined to the 
Bathonian and early Callovian ages and present storm-dominated shallow shelf 
environments (Fursich et al.,1991). Carbonate occur in appreciable quantity only in 
the late Bathonian Raimalro Limestone Member (Sponge Limestone Member of 
Patcham Formation) in the basin. The lower boundary of the Patcham Formation is 
strongly diachronous (Fursich et al.2001).The overlying sediments of the Chad 
Formation are fine sand and silt bearing marls, bioturbuted with thin intercalation of 
laminated packstone and grainstones. The top of the Raimalro Limestone Member 
marks a distinct facies change fi^om a carbonate dominated regime to a siliciclastic 
regime over the entire Kachchh Basin. The transition to the siliciclastic Chari 
Formation is gradual in some areas and sharp in others. The Dhosa Oolite Member of 
the Chari Formation is unconformably followed upwards by the Katrol Formation 
yielding ammonites of Kimmeridgian age (Fursich et al.,1991). 
GEOLOGICAL SETTING 
Kachchh Basin extends between latitude 22 °30' and 24° 30' and longitude 68°and 
72° covering entire Kachchh district of Gujarat states. The mainland outcrops expose 
as a continuous succession fi"om Bajocian to Albian and consist of most prominent 
ridge extending for about 193 Km Jawahar Nagar in the east to Jara in the west. The 
Mesozoic succession developed due to repeated marine incursions during middle 
Jurassic to early Cretaceous period and followed by major tectonic movements and 
Deccan Trap volcanism during the late Cretaceous time. 
The tectonic history of Mesozoic Era began with the fragmentation of Pangea into 
two parts i.e, Gondwanaland and Laurasia. The southern parts of Pangea broke apart 
during Mesozoic itself whereas the northern part broke during Tertiary. The breakup 
of eastern Gondwanaland from western Gondwanaland during late Triassic/early 
Jurassic (Norton and Sclator,1979) marked the beginning of evolution of western 
margin basin of India and subsequent spreading history of the Indian ocean. During 
middle and late Jurassic ,North America rifted from Africa westward that resulted in 
the opening of North Atlantic. Also during the same period of time, India together 
with Antarctica and Australia began to rift away from Africa that gave rise to the 
graben faulting on the western margin of India by reactivation of ancient faults 
sequentially from north to south (Biswas, 1971,1982). 
Kachchh Basin is the earliest rift basin that initiated as a result of north and northeast 
drifting coupled with counter clockwise rotation of the Indian plate after its 
detachment from the Gondwanaland during late Triassic/or early Jurassic (Biswas, 
1982; Biswas et al., 1993). Rifting took place within the Mid-Proterozoic mobile belt 
that welded the northern Bundelkhand and southern Deccan proto-cratons (Biswas, 
1999; Radhakrishnan and Naqvi, 1986). The rifting was controlled by the 
Precambrian NE-SW trend of the Delhi fold belt that swings to E-W in Kachchh 
region. During Jurassic time in the early stage of India's"northward drift away from 
Gondwanaland, the Kachchh rift basin was formed by subsidence of a block between 
Nagarparkar hills and southwest extension of Aravalli Range. The first occurrence of 
marine sediments in the middle Jurassic (Bajocian) indicates that this graben become 
a fiilly marine basin during that time. In early Cretaceous time, the basin was filled up 
and the sea began to recede (Bardan and Datta,1987).The Cretaceous witnessed 
extensive regional uplift in the western part of India. 
PREVIOUS WORKS 
A reconnaissance type of geological work on Kachchh was carried out by Grant 
(1837), since then a lot of work has been done on different aspects of Kachchh 
geology. Several workers have published papers on palaeontological aspects, which 
had helped in developing the stratigraphic sequence, determination of age and 
interregional correlation. These workers emphasized the importance of micro fossil for 
working out palaeoenvironment, biostratigraphy, palaeogeography and palaeoclimate 
prevalent in the area during this period (Spath, 1927-33; Rajnath, 1934, 1938; 
Barnard, 1948; Subbotina et. al., 1960; Singh, 1979; Bhalla and Abbas, 1984; Bhalla 
and Talib, 1980, 1991; Casshyap et. al., 1983; Fursich et. al., 1991, 1994, 2000, 2001, 
2004; Pandey and Dave, 1993; Bhandari and Colin, 1999; Bajpai and Whatley, 2001; 
Khosla et. al., 1997, 2005; Gaur and Talib, 2009). 
A lot of effort has been put by the past as well as present geologist to elucidate the 
stratigraphic sequence of Kachchh Basin and as such a number of publications are 
available on the geology in general or particular stratigraphy of Kachchh region as a 
whole or a part thereof (Wynne, 1872; Waagen, 1873-76; Oldham, 1893; Rajnath, 
1932; Agarwal, 1957; Poddar, 1959; Pascoe. 1959; Krishnan, 1968; Sastry and 
Mamgain, 1971; Singh et. al., 1982, Singh, 1989., Fursich and Oschmann, 1993, 
Fursich et. al., 2001, 2004). 
In spite of the great attraction the Kachchh region draws from geologist, little work 
has been done on the sedimentological aspect dealing with lithofacies, microfacies 
and provenance study (Balagopal and Srivastava. 1975; Bose et. al, 1988; Dubey and 
Chatterjee, 1997; Nandi and Desai, 1997; Bandhopadhyay, 2004; Mishra and Tiwari, 
2005; Ahmad et. al, 2006; Ahmad and Bhat, 2006; Mishra and Tiwari, 2006; Ahmad 
et. al, 2008; Tiwari and Mishra, 2007; Misra and Pandey, 2008; Mishra and Krishna, 
2008; Mishra and Biswas, 2009; Ahmad and Majid,2010, Ahmad et al.,2013). 
AIM AND SCOPE OF THE STUDY 
In the Kachchh Mainland at Jumara Dome mixed carbonate - siliciclastic succession, 
represented by the Jhurio and Patcham Formation and siliciclastic dominationg Chad 
Formation (Bathonian to Oxfordian) are exposed. Krishna (1987) divided Jumara 
Dome sequence in to ten zones using ammonoids assemblages. These zones includes 
M.tringularis, M.dimerus, M.semilavis, S.opis, R.anceps, C.giganteus, P.athleta, 
P.rugosus. M.maya and D.ichotomosphinetes. The lower part of the Jumara Dome is 
represented by 16 m thick Jumara Coral Limestone (JCL) Member followed upward 
by 22 m thick Echinoderm Packstone (EP) Member, above this 10 m thick Spongy 
Limestone Member is followed by 10 m Grey Shale Member, followed by 32 m thick 
Ridge Sandstone Member, overlies by 15 m thick Gypsiferous Shale Member. Top of 
the sequence is represented by 14 m thick Dosha Oolite Member of Chari Formation 
(Figures. 2,3). 
The present study mainly aims at reconstructing the sedimentation and history of the 
Ridge Sandstone (Chari Formation) of Jumara Dome. For this purpose one field 
session was devoted during the month of November 2012 for detailed measurement of 
sections and collection of samples for the follow up laboratory investigations. 
Lithologs were prepared on the basis of field data. 
Thin section of samples were prepared and used for the petrographic study. The 
textural attributes of the sandstones, such as size, sorting, roundness and sphericity 
were studied with a view to interpreting the provenance and estimating the influence 
of texture on the detrital modes and petrofacies. Statistical parameters of grain size 
were computed according to the method of Folk (1980). Bivariant plots were plotted 
to find out interrelationship of various textural attributes. Detrital mineralogy of the 
sandstones, including light and heavy mineral fractions, was studied for the purpose 
of description and petrographic classification of the studied sandstones and 
interpretation of their provenance. Classification scheme of Folk (1980), based on 
composition of common detrital fi-amework constituents and Dickinson (1985), based 
on tectonic setting of provenance were employed in the present study. 
Twenty one samples of sedimentary rocks were chosen for geochemical analysis (16 
sandstone and 5 shale). The major, trace and LREE elements of such selected samples 
were analyzed by XRF (S4 Pioneer-Bruker) systems at CESS (Centre for Earth 
Science Studies) Thiruvananthapuram. An attempt was made to study the diagenetic 
history of the sediments. Thin sections were analyzed to study the types of grain 
contacts, porosity reduction and cementation. 
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Figure 1. Geological map of Kachchh Basin showing the 
study area (after Fursich et al., 2001). 
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Figure 2. Geological map of Jumara Dome, Kachchh 
(modified after Rajnath, 1932). 
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Figure 3. Measured sections at Jumara 
Table 1. Lithostratigraphic framework of the Jurassic and Lower Cretaceous 
Rocks of Kachchh Mainland (Fursich et al., 2001) 
Age 
Albian-Aptian 
Neocomian 
Tithonian 
Tithonian-
Kimmeridgion 
Late Early 
Oxfordian 
Early Oxfordian 
Callovian 
Bathonian 
Bajocian-
Bathonian 
Kachchh Mainland 
Umia Formation 
Katrol Formation 
Chad Formation 
Patcham Formation 
Jhurio Formation 
Bhuj Member 
Ukra Member 
Ghuneri Member 
Umia Member 
Dhosa Oolite Member 
Dhosa Sandstone Member 
Gypsiferous Shale Member 
Athleta Sandstone Member 
Ridge Sandstone Member 
Shelly Shale/Keera Golden 
Oolite Member 
Sponge Limestone Member 
Purple Sst./Echinodermal 
Packstone Member 
Jumara Coralline Limestone 
Member 
Goradongar Yellow Flagstone 
Member 
Jhura Golden Oolite Member 
Canyon Lst./Badi Golden 
Oolite Member 
Badi White Limestone 
Member 
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CHAPTER-II 
DETRITAL MINERALOGY 
The detrital mineralogy of sandstone of the study area has been studied for the 
purpose of their petrographic classification and for the interpretation of their 
provenance and depositional history. Much works has been done on sandstone 
classification during the last four decades, and the important contributions have been 
summarized by Klein (1970), Folk (1968,1980), Okada (1971) and Dickinson 
(1985,1988). Studies have revealed that sandstone mineralogy is influenced by 
tectonic setting, transport mechanism, effect of climate and diagenetic modification 
(Dickinson and Suczek,1979; Basu,1985;McBride,1985; Ahmad and Bhat,2006).In 
the present study detrital mineral composition of sandstones was studied both 
qualitatively and quantitatively in 25 thin sections. For quantitative analysis about 200 
point per thin section were counted for determining the modal composition of rocks 
under investigation. Terminology of Krynine(1946) and Folk(1980) was adopted for 
describing several varities of quartz and other framework constituents. The heavy 
mineral identification was undertaken following Krumbein and Pettijohn (1938); 
Milner(1962). 
QUARTZ 
The studied sandstones are composed of quartz types, recognized on the basis of 
Folk's( 1968,1980) classification, include common quartz, recrystallised metamorphic 
quartz and stretched metamorphic quartz. Nearly four fifth of the total detrital quartz 
belongs to common (plutonic) quartz variety. The remaining detrital grains of quartz 
belong to recrystallised metamorphic quartz and stretched metamorphic quartz. 
Common quartz constitute 74.12 to 88.74 percent and average 80.97 percent of the 
detrital fraction (Table 2). It is present as monocrystalline grains which usually show 
clear appearance having few inclusions of tourmaline, mica and opaques. Common 
quartz grains shows stright to slightly undulose extinction. Recrystallized 
metamorphic quartz comprises 1.35 to 6.6 percent and average 3.61percent of the 
detrital constituents. It occurs in the form of polycrystalline grains in which the 
subindividual grains are equidimensional with straight contacts. This types of quartz 
show straight to highly undulose extinction. Stretched metamorphic quartz constitute 
generally 0.84 to 4.98 percent and average 1.46 percent of detrital fraction. It occurs 
in the form of polycrystalline quartz which are elongated and contain elongated 
subindividual with sutured or crenulated boundaries (Plate-IA). The subindividuals 
show straight to highly undulose extinction. 
FELDSPAR 
Two varieties of Feldspar have been recognized which include microcline and 
plagioclase in order of abundance. Its percentage range from 4.17 to 14.85 and 
average 8.23 percent. The grains show alteration and leaching (Plate-IB). Alteration 
and leaching of feldspar grains is observed along the cleavage plains and grain 
boundaries. The feldspar grains are generally subequent with mostly subrounded to 
rounded outlines. Some angular to subangular grains also occur. 
MICA 
Both muscovite and biotite occur as tiny to large elongated flakes with frayed ends 
(Plate-IC).The percentage of mica ranges from 1.32 to 6.13 percent and average 3.30 
percent. Biotite grains belong to two varieties and are brown and green colored (Plate-
12 
ID). Detrital mica were recognized both by their relatively large size and definite 
detrital boundaries. Moreover detrital mica grains usually show the effect of 
compaction. Such grains are seen to curve around the adjacent quartz grains. 
ROCK FRA GMENTS 
Rock fragments comprise 0.55 to 3.88 percent of the detrital fraction and average 1.94 
percent. Both sedimentary and metamorphic rock fragments occur in the studied 
sandstones. The sedimentary rock fragments include siltstone and chert (plate-I E,F). 
Metamorphic rock fragments include phyllite and schist. 
HE A VY MINERALS 
Heavy minerals include opaques, tourmaline, zircon, rutile, garnet ,staurolite, kyanite, 
apatite, hornblende and epidote (Plate-1 G,H). 
CLASSIFICATION OF RIDGE SANDSTONE 
Folk's(1968,1980) classification scheme based on the composition of detrital 
framework constituents was employed to classify and designate the Ridge Sandstone. 
According to the classification scheme of Folk(1968,1980) adopted here, the detrital 
framework grains were grouped in to three end members: 
(I) All types quartz including metaquartzite. 
(II) All single feldspar grains plus granite and gneiss fragments 
(III) All rock fragments (Chert, slate, phyllite, schist, volcanic, limestone, 
sandstone, shale). 
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PLATE-I 
A. Photomicrograph showing stretched metamporphic quartz with sutured and 
crenulated boundaries. 
B. Partially weathered feldspar grain. 
C. Muscovite flake. 
D. Biotite grain. 
E. Siltstone. 
F. Ferruginous chert 
G. Zircon grain 
H. Tourmaline grain. 
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The Ridge Sandstone samples comprise on the average 90 percent quartz, 8 percent 
feldspar and 2 percent rock fragments. All the samples of the studied sandstones are 
plotted near the Q pole in the quartzarenite and subarkose fields (Figure 4). 
FACTORS CONTROLLING DETRITAL MINERALOGY 
Detrital mineralogy does not depend only on a single factor but a group of factors are 
responsible for detrital composition of a sandstone which include paleoclimate, source 
rock composition, distance of transport and diagenetic modification of original 
constituents. 
CLIMATE 
Although the composition and association of source rocks are controlled by plate 
tectonics and structural evolution of the area, the process of weathering, production 
and composition of detritus are determined primarily by climate (Basu,1985; Suttner 
and Dutta, 1986; Akhtar and Ahmad, 1991). 
Bivariant log/log plot of the ratio of polycrystalline quartz to feldspar plus rock 
fi-agments (Suttner and Dutta, 1986) has been used for interpreting the paleoclimate of 
the Ridge Sandstone. This diagram indicates a humid climate for the region (Figure 
5A).The paleoclimate simulation for Jurassic and Cretaceous time show that hidia as 
a part of Gondwanaland experienced humid to tropical climate (Thompson and 
Barron, 1981; Chatterjee and Hotton,1986; Chandler et al .,1992). 
The precipitation of huge carbonate during Jurassic is also supportive of the fact that 
the area was witnessing warm climate similar to found in tropics. A combination of 
low relief, hot humid climate and ample vegetation can produce quartz rich detritus 
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(Franzinelli and Potter, 1983).Low relief provides prolonged residence time of 
sediments, thereby increasing the duration of chemical weathering and thus the 
sediments in the stable quartz. The mineralogical data plotted on Weltje et al ,1998) 
diagram and fall in the field number 2 which indicate tropical humid condition 
(Figure 5B). Overall study suggest that such strong chemical weathering condition is 
unconformity with worldwide humid and warm climate during the Jurassic 
period(Thomson and Barron ,1981).Thus, climate might have been an important 
factor in the production of compositionally mature quartz rich sandstones. However, 
climate alone can not produce quartz rich sands. 
SOURCE ROCK COMPOSITION 
The suite of heavy minerals present in the studied sandstones including biotite, 
tourmaline, apatite and zircon indicate an acid igneous source for these sandstones. 
The dominant alkali feldspar encountered in this study is microcline, which indicate a 
granite and pegmatite source. On the other hand the suite of heavy minerals including 
garnet, staurolite reflect a metamorphic source. However the occurrence of various 
shades of garnet indicates different source rocks from acid igneous to metamorphic 
rocks. The suite of heavy minerals, including rounded grains of tourmaline, rutile and 
zircon is indicative of the reworked source for these sandstones. These heavy mineral 
suites in the Ridge Sandstone reflect their source in the mixed provenance, such as 
believed to represent the eroded and weathered parts of the present day Aravalli 
Range situated east and northeast of the basin and Nagarparkar massif situated to the 
north and northwest (Dubey and Chatterjee,1997). 
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DISTANCE OF TRANSPORT 
The detrital grains of the Ridge Sandstone are in the sand size range and in all 
probability they have undergone transportation for a distance of a few hundred 
kilometers. The studied sandstones are small amount of feldspar and one possible 
reason for this deficiency may be the transportation of sediments by high gradient 
streams and rapid destruction of feldspar by abrasion. Since deposition of Ridge 
Sandstone took place in a tectonically active rift, presence of high gradient stream is 
quite likely within the basin. However this premise does not stand to scrutiny because 
rock fi-agments which could have been destroyed more easily are common within 
studied sandstones. Therefore some factor other than transportation was responsible 
for paucity of feldspar in the Ridge Sandstone. 
DIAGENETIC MODIFICATION 
The depositional composition of sands may be altered by diagenetic processes which 
must be taken in to the consideration while making provenance 
interpretation(McBride ,1985).The diagenetic modifications include loss of detrital 
framework grains by dissolution, alteration of grains by replacements or 
recrystallization and the loss of identity of certain ductile grains during compaction 
which give rise to pseudomatrix. The presence of highly weathered feldspar grains as 
well as over size pores indicate dissolution of detrital grains in the Ridge Sandstone. 
The process of replacement is effective in modifying the detrital composition of 
sandstones. The replacement of quartz grain by carbonate and iron oxide in the 
studied sandstones suggest modification of the composition of the sandstones. The 
study of grain contacts of the sandstones indicates that the sandstones are subjected to 
compaction during burial and their original texture and fabric slightly modified by the 
processes of compaction. 
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Table 2. Percentage of detrital minerals in the Ridge Sandstone of 
Jumara Dome, Kachchh, Gujarat. 
S.No. 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Average 
Monocrystalline 
Quartz 
« 
3 
o-
a 
o 
B 
S 
o 
U 88.74 
81 
74.12 
76.02 
86.93 
82.79 
81.53 
75.23 
74.15 
84.32 
85.46 
75.49 
87.65 
81.12 
83.01 
75.35 
78.08 
84.45 
76.74 
83.56 
77.45 
81.49 
77.95 
84.4 
87.11 
80.97 
Polycrystalline 
Quartz 
T3 o 
S O. N 
3.4 
1.78 
2.27 
4.24 
2.36 
1.85 
1.6 
2.3 
4.27 
2.45 
1.35 
4.55 
3.2 
5.67 
4.85 
6.66 
3.32 
4.22 
5.65 
6.45 
2.87 
3.67 
4.87 
2.89 
3.42 
3.61 
a a, n 
" ® i: 
- ^ fl TO 
a> B 3 
s 
0 
1.34 
4.98 
0 
1.16 
1.79 
1.5 
3.2 
0 
2.42 
2.54 
1.3 
0 
0 
2.38 
1.27 
2.76 
1.88 
1.49 
0 
1.4 
1.5 
1.2 
1.5 
0.84 
1.46 
Feldspar 
o 
'3D 
0.75 
1.67 
1.06 
0.82 
0.48 
0.64 
0.69 
1.23 
1.35 
0.76 
0.51 
1.42 
0.65 
0.84 
0.18 
1.89 
1.85 
0.76 
1.35 
0.47 
0.86 
0.46 
1.4 
0.8 
0.69 
0.94 
a 
o u (J 
3.42 
9.89 
10.38 
11.11 
4 
6.65 
8 
11 
13.5 
4.95 
4.85 
10.98 
5.78 
5.48 
5 
10.64 
7.48 
4.72 
8.43 
5.1 
8.6 
6.3 
8.48 
4 
3.6 
7.29 
Mica 
• > 
o u 
3 
1.92 
1.79 
4.27 
4.25 
2.72 
2.74 
6.13 
3.18 
4.81 
2.95 
2.06 
1.98 
1.3 
3.95 
2.44 
2.95 
2.85 
1.67 
1.81 
1.86 
3.65 
3.59 
3.2 
2.8 
1.65 
2.90 
4> 
0 
0.71 
0 
0 
1.68 
0 
0 
0 
0 
0 
0 
0.75 
0 
0.82 
0.74 
0 
0 
0.75 
1 
0.78 
0.64 
0.78 
0 
1.4 
0 
0.40 
u 
ti 
JS 
U 
0.86 
1.21 
1.95 
0.73 
0.67 
1.68 
0.55 
1.28 
1.92 
0 
0 
0.82 
0 
0.46 
0.72 
0.65 
0.77 
0 
0.74 
0 
1.38 
1.34 
0.65 
1.63 
1.3 
0.85 
e 
S 
ISll 
CS 
u 
o 
OS 
0 
0.61 
0 
2.83 
0 
0.92 
0 
1.75 
0 
2.15 
2.64 
1.75 
1.42 
0.85 
0.68 
0.59 
2.11 
1.55 
1.94 
0.86 
2.5 
0 
1.3 
0 
0.7 
1.09 
0.91 
0 
0.97 
0 
0 
0.94 
0 
0.83 
0 
0 
0.59 
0.96 
0 
0.81 
0 
0 
0.78 
0 
0.85 
0.92 
0.65 
0.87 
0.95 
0.58 
0.69 
0.49 
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CHAPTER-III 
TEXTURE 
Texture defines the initial porosity and permeability characteristics of the sediments 
and therefore texture has an important bearing on diagenesis. Beard and Weyl (1973) 
have demonstrated that the original porosity of the sediments is a result of five 
variables which include grain size, sorting, roundness, sphericity and packing. In 
order to understand the primary reservoir characteristics and their modification by 
diagenetic processes,the textural attributes of the Ridge Sandstone were studied 
which include grain size, sorting, grain roundness and grain sphericity. 
GRAIN SIZE 
Grain size measurements were carried out with the help of a micrometer eye piece. 
Chayes (1949) point counting technique was employed and in each thin section a 
minimum of 200 grains were measured. The size data was grouped into half-phi class 
intervals. Cumulative fi-equency curve of grain size data were plotted on log 
probability paper.The grain diameter in phi units represented by 05, 016, 025, 050, 
075, 084 and 095 percentiles were read out fi-om the size fi-equency curves.Points 
counting was carried out using the Gazzi-Dickinson method(Dickinson,1970;Ingersoll 
etal.,1984). 
The statistical parameters of grain size calculated according to formulae given 
Folk( 1968,1980) and include graphic mean(MZ),and inclusive graphic standard 
deviation (al). 
Graphic mean Size (MZ): It is a function of size range of available sediments which 
depends on current velocity or turbulence of the transporting medium.It has been 
calculated with help of Folk's (1968,1980) formula: 
Mz = (016 + 050 + 0 84)/3 
MZ values of the studied samples ranges from 0.91 to 3.23 O, average being 2.13 O, 
indicating overall medium grain sandstone. Most of the samples are medium grained 
followed by fine and coarse grained (Table 3). 
Inclusive graphic Standard Deviation (al): It depends upon competency and stability 
of the current. Relatively constant strength currents produce very well sorted to well 
sorted sediments but fluctuating current will give rise to poorly sorted sediments. This 
parameters is given by the formula : 
ai = (O 84 - O 16)] / 4 + [(O 95 - O 5) / 6.6 
Inclusive graphic standard deviation (sorting) values of the studied samples range 
from 0.59 to 1.45, average being 0.92O. The studied samples are generally 
moderately sorted sandstone. Most of the sample are moderately sorted followed by 
poorly sorted and moderately well sorted. 
ROUNDNESS 
Roundness of sedimentary particle depends upon the sharpness of its edges and 
comers. In many cases roundness has been used interchangeably with shape, but 
roundness is fundamentally different from and independent of shape. 
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Roundness of detrital grains was estimated by Power's(1953) method of comparison 
with two- dimensional images of grains. The power scale of roundness has the 
advantage of having a geometric scale and suitable class limits. The studied samples 
show that grain roundness values ranging from subrounded to subangular. In most of 
the samples, majority of the grains are subangular (20.92%)and subrounded (30.53 %) 
and average (24.20%).The mean roundness of individual samples range from 0.42 to 
0.47,average being 0.44 (Table 4). 
SPHERICITY 
The most commonly used method of determining the sphericity is through visual 
comparison. For the present study the comparison chart given by Krumbein and Sloss 
(1963)was used for classification of sandstones in to three classes, high, medium and 
low sphericty 
>0.9 High Sphericity 
0.3-0.9 Moderate sphericity 
0.0-0.3 Low sphericity 
Majority of the studied grains show low sphericty occupying 68.20 % followed by 
medium sphericty occupying 20.20 % while rest of the 11.50 % is of high sphericity 
(Table 5).The mean sphericty values of the individual samples range from 0.22 toO.43 
and average being 0.33. The mean size versus roundness plot shows a correlation 
coefficient value of 0.15.The mean size versus sphericity diagram gives a correlation 
coefficient value of-0.19. Plot of the roundness versus sorting gives a correlation 
coefficient value of 0.20.The plot of sphericity versus sorting has a correlation 
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coefficient value of 0.22.There is no significant relationship between mean size versus 
roundness and mean size versus sphericity (Figure 6A,B)- Roundness versus sorting 
and sphericity versus sorting has moderate positive relationship (Figure 6 C,D). 
Roundness versus sorting giving indication of increase in roundness with sorting and 
sphericity versus sorting giving hint of a decrease in sphericity. 
TEXTURE-POROSITY RELATIONSHIP 
The relationship of minus cement porosity versus mean size, sorting, roundness and 
sphericity show a much poor trend. The correlation coefficient determined for the 
plot, except porosity versus mean size are statistically not very significant, this 
suggest that the obliteration of texture was probably due to cementation, corrosion 
and compaction (Figure 7 A,B,C,D). The porosity versus mean size plot show 
moderate positive relationship that indicate increasing porosity with decreasing grain 
size (Figure 7 A). 
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Table 3. Statistical parameters of grain size distribution of the sandstones of 
Jumara Dome, Kachchh, Gujarat. 
S.No. 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Avg 
Mean Size 
Mz0 
2.89 
2 
0.92 
1.57 
3.03 
1.55 
0.99 
2.28 
3.03 
1.57 
0.91 
2.32 
3.23 
2.48 
3.01 
2.46 
2.96 
0.92 
1.74 
3.2 
1.6 
2.1 
2.15 
2.4 
2 
2.13 
Verbal Limit 
Medium Grained 
Medium Grained 
Coarse Grained 
Medium Grained 
Fine Grained 
Medium Grained 
Coarse Grained 
Medium Grained 
Fine Grained 
Medium Grained 
Coarse Grained 
Medium Grained 
Fine Grained 
Medium Grained 
Fine Grained 
Medium Grained 
Medium Grained 
Coarse Grained 
Medium Grained 
Fine Grained 
Medium Grained 
Medium Grained 
Medium Grained 
Medium Grained 
Medium Grained 
Medium Grained 
Standard Deviation 
OI0 
0.82 
1.45 
1.12 
0.9 
0.67 
0.99 
1.25 
0.84 
0.66 
0.92 
1.15 
0.86 
0.92 
0.88 
0.69 
0.76 
1.28 
1.12 
0.78 
0.59 
0.92 
0.98 
0.87 
0.78 
0.84 
0.92 
Verbal Limit 
Moderately Sorted 
Poorly Sorted 
Poorly Sorted 
Moderately Sorted 
Moderately Well Sorted 
Moderately Sorted 
Poorly Sorted 
Moderately Sorted 
Moderately Well Sorted 
Moderately Sorted 
Poorly Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Well Sorted 
Moderately Sorted 
Poorly Sorted 
Poorly Sorted 
Moderately Sorted 
Moderately Well Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Sorted 
Moderately Sorted 
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Table 4 .Roundness of detrital grains of the sandstones of Jumara Dome, 
Kachchh, Gujarat. 
d 
C/5 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Avg 
U 
o 
o 
H 
99 
121 
132 
146 
151 
154 
189 
193 
209 
208 
121 
161 
163 
176 
176 
101 
128 
134 
150 
160 
126 
165 
159 
133 
183 
154 
Is 
1°' 
a> o 
> ^ 
N 
8 
6 
3 
5 
2 
15 
17 
14 
12 
11 
13 
9 
8 
9 
6 
7 
4 
3 
4 
7 
13 
7 
16 
3 
8 
8 
% 
9.09 
5.00 
2.27 
3.42 
1.33 
9.74 
8.99 
7.22 
5.71 
5.19 
10.00 
5.63 
4.94 
5.00 
3.28 
7.00 
3.03 
2.19 
2.67 
4.22 
10.16 
4.43 
10.67 
2.22 
4.32 
5.51 
^2 
N 
12 
9 
11 
14 
12 
20 
18 
21 
23 
21 
14 
13 
18 
20 
15 
11 
7 
13 
16 
9 
17 
19 
22 
10 
17 
15 
% 
12.12 
7.50 
8.33 
9.59 
8.00 
12.99 
9.52 
10.82 
10.95 
9.91 
10.77 
8.13 
11.11 
11.11 
8.20 
11.00 
5.30 
9.49 
10.67 
5.42 
13.28 
12.03 
14.67 
7.41 
9.19 
9.90 
OX) O 
s o 
N 
20 
21 
28 
30 
42 
32 
28 
38 
49 
51 
23 
27 
32 
35 
43 
22 
21 
29 
31 
43 
21 
35 
33 
30 
45 
32 
% 
20.00 
17.36 
21.21 
20.55 
27.81 
20.78 
14.81 
19.69 
23.44 
24.52 
19.01 
16.77 
19.63 
19.89 
24.43 
21.78 
16.41 
21.64 
20.67 
26.88 
16.67 
21.21 
20.75 
22.56 
24.59 
20.92 
'5 ' 
i/3 
N 
28 
42 
48 
54 
44 
39 
53 
59 
63 
52 
33 
48 
53 
58 
47 
28 
42 
47 
51 
54 
33 
53 
39 
48 
50 
47 
% 
28.00 
34.71 
36.36 
36.99 
29.14 
25.32 
28.04 
30.57 
30.14 
25.00 
27.27 
29.81 
32.52 
32.95 
26.70 
27.72 
32.81 
35.07 
34.00 
33.75 
26.19 
32.12 
24.53 
36.09 
27.32 
30.53 
-2? 
C3 • 
N 
25 
35 
32 
30 
36 
33 
56 
41 
39 
48 
28 
51 
37 
36 
43 
25 
45 
32 
35 
37 
30 
37 
34 
32 
44 
37 
% 
25.00 
28.93 
24.24 
20.55 
23.84 
21.43 
29.63 
21.24 
18.66 
23.08 
23.14 
31.68 
22.70 
20.45 
24.43 
24.75 
35.16 
23.88 
23.33 
23.13 
23.81 
22.42 
21.38 
24.06 
24.04 
24.20 
73 
3 ^ 
O ' 
N 
6 
8 
10 
13 
15 
15 
17 
20 
23 
25 
10 
13 
15 
18 
22 
8 
9 
10 
13 
10 
12 
14 
15 
10 
19 
14 
% 
6.00 
6.61 
7.58 
8.90 
9.93 
9.74 
8.99 
10.36 
11.00 
12.02 
8.26 
8.07 
9.20 
10.23 
12.50 
7.92 
7.03 
7.46 
8.67 
6.25 
9.52 
8.48 
9.43 
7.52 
10.38 
8.88 
a 
a 
O 
a 
0.42 
0.45 
0.45 
0.44 
0.45 
0.42 
0.45 
0.44 
0.43 
0.45 
0.42 
0.46 
0.44 
0.44 
0.46 
0.43 
0.47 
0.44 
0.44 
0.43 
0.43 
0.43 
0.42 
0.45 
0.45 
0.44 
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Table 5. Sphericity of detrital grains of the sandstones of Jumara Dome, 
Kachchh, Gujarat. 
S.No. 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Avg 
Total 
Grains 
107 
88 
100 
64 
68 
97 
90 
71 
52 
92 
98 
104 
97 
51 
53 
91 
93 
142 
99 
65 
67 
70 
92 
95 
51 
83.9 
Low 
(0.0 - 0.3) 
N 
69 
62 
63 
44 
50 
64 
63 
45 
37 
80 
62 
66 
64 
33 
37 
55 
58 
87 
54 
56 
45 
42 
67 
83 
35 
56.8 
% 
64.49 
70.45 
63.00 
68.75 
73.53 
65.98 
70.00 
63.38 
71.15 
86.96 
63.27 
63.46 
65.98 
64.71 
69.81 
60.44 
62.37 
61.27 
54.55 
86.15 
67.16 
60.00 
72.83 
87.37 
68.63 
68.2 
Medium 
(0.3 - 0.9) 
N 
28 
19 
24 
16 
10 
22 
18 
13 
9 
8 
24 
22 
25 
13 
9 
23 
19 
31 
23 
5 
14 
18 
16 
9 
11 
17.2 
% 
26.17 
21.59 
24.00 
25.00 
14.71 
22.68 
20.00 
18.31 
17.31 
8.70 
24.49 
21.15 
25.77 
25.49 
16.98 
25.27 
20.43 
21.83 
23.23 
7.69 
20.90 
25.71 
17.39 
9.47 
21.57 
20.2 
High (>0.9) 
N 
10 
7 
13 
4 
8 
11 
9 
13 
6 
4 
12 
16 
8 
5 
7 
13 
16 
24 
22 
4 
8 
10 
9 
3 
5 
9.9 
% 
9.35 
7.95 
13.00 
6.25 
11.76 
11.34 
10.00 
18.31 
11.54 
4.35 
12.24 
15.38 
8.25 
9.80 
13.21 
14.29 
17.20 
16.90 
22.22 
6.15 
11.94 
14.29 
9.78 
3.16 
9.80 
11.5 
Mean 
Sphericity 
0.34 
0.31 
0.36 
0.31 
0.31 
0.34 
0.32 
0.38 
0.32 
0.22 
0.36 
0.37 
0.33 
0.34 
0.33 
0.38 
0.38 
0.38 
0.43 
0.23 
0.34 
0.38 
0.31 
0.22 
0.33 
0.33 
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CHAPTER-IV 
PRTROFACIES AND TECTONO PROVENANCE 
Dickinson and Rich (1972) were first to use certain parameters to define petrofacies. 
Dickinson (1985) classified sandstones on the basis of their characteristic ptrofacies 
which is primarily controlled by the tectonic setting of the provenance, which is 
reflected by the detrital modes of sandstone suites. Petrofacies analysis of sandstone 
can furnish vital clues regarding the provenance and its tectonic setup and the source 
rock composition. These are used to interpret the tectono-sedimentary evolution of 
geo-provenance and its sedimentary cover (Dickinson et al.,1983; Mack, 1984; 
Schwab. 1981; Graham et al.,1993; Cox and Lowe, 1995).Several studies have pointed 
to intimate relationship between detrital sand composition and tectonic setting 
(Crook, 1974; higersoll,1978; Potter,1978; Dickinson and Suczek,1979; Dickinson 
and Valloni,1980; Schwab, 1981; Bhatia, 1985b; Dickinson, 1985; Bhatia and 
Crook, 1986; Schwab, 1986; DeCelles and Hertel,1989; Akhtar and Ahmad, 1991; 
Ahmad and Bhat,2006. 
The petrofacies analysis requires counting of framework grains and calculating 
various parameters, i.e., Qt, Qm, Qp, P, K, L, Lv, Ls and Lt as given by IngersoU and 
Suczek (1979) and Dickinson (1985) (Tables 6,7).The parameters recalculated to 100 
percent and used in the four triangular diagrams of Dickinson (1985); Qt-F-L, Qm-F-
Lt, Qp-Lv-Ls and Qm-P-K for provenance study. The intrabasinal grains (Zuffa,1980) 
and heavy minerals were ignored. Similarly extrabasinal carbonate grains or detrital 
clasts were also not considered along with other lithic fragments. Such grains show 
vastly different geochemical response during weathering and diagenesis and may be 
confused easily with intrabasinal carbonate grains (Intraclasts, Bioclasts, Oolites, 
Peloids). 
In order to understand the tectonic setting of the Ridge Sandstone, the petrofacies 
were plotted in standard triangular diagrams Qt-F-L, Qm-F-Lt, Qp-Lv-Ls and Qm-P-
K after (Dickinson, 1985).Both Qt-F-L, Qm-F-Lt plots show full grain populations, 
but with different emphasis. In Qt-F-L plot, where all quartzose grains are plotted 
together, the emphasis is on grain stability and thus on weathering, provenance, relief 
and transport mechanism as well as source rock while in Qm-F-Lt, where all lithic 
fragments are plotted together, the emphasis is shifted towards the grain size of source 
rock because fine grained rocks yield more lithic fragments in the sand size range. In 
the Qt-F-L diagram, the sample data plot in the continental block provenance field 
with a source primarily in the craton interior orogen (Figure 8A). In the Qm-F-Lt 
diagram all lithic fragments including polycrystalline quartz are plotted as it, to 
emphasize the source rocks. In this diagram, sample data plot in the craton interior of 
the continental block provenance with a few sample data falling in the recycled 
orogen provenance field (Figure 8B). The Qp-Lv-Ls and Qm-P-K plots show only 
partial grain populations but reveal the character of polycrystalline and 
monocrystalline components of framework. The Qp-Lv-Ls plot, which is based on 
rock fragment population from a polygenetic source, gives a more resolved picture 
about the tectonic elements. The sample data fall in the rifted continental margin, 
(Figure 8C).The Qm-P-K plot of the data shows that all the sediment contribution is 
from the continental block basement uplift- provenance and is reflected mineralogical 
maturity of the sediments (Figure 8D). The sandstone petrofacies and heavy mineral 
suites of the Ridge Sandstone indicates multiple rock sources for these sandstones, 
which is not reflected in the triangular plots. The apparent reason for this could be 
diagenetic alteration and weathering of the unstable framework grains, which 
increased the proportion of quartz grains relative to the original detrital composition. 
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TECTONO-PROVENANCE 
The plot of Ridge Sandstone on Qt-F-L and Qm-F-Lt diagrams suggest that the 
detritus of the sandstone were derived from granite-gneiss exhumed in the craton 
interior and low to high grade metamorphosed supracrustals forming recycled orogen 
provenance, there by suggesting derivation of the sediments from stable parts of 
craton , with perhaps little contribution from recycled orogen, shedding quartzose 
debris of continental affinity into the basin (Dickinson et al., 1983). The Qp-Lv-Ls 
plot reveals the source in rifted continental margin. In the Qm-P-K diagram, the data 
lie in the continental block provenance reflecting maturity of sediments and stability 
of source area. This may have stemmed from very long period of tectonic quiescence 
and mature geomorphology of the area. 
The sandstone have considerably high percentages of monocrystalline quartz (94 %) 
as compared to polycrystalline quartz (6 %) which indicates removal of 
polycrystalline quartz by weathering and recycling. The occurrence of weathered and 
fresh feldspar together may indicate their derivation from two different sources or 
deep erosion. High quartz content and high ratio of K-feldspar to plagioclase also 
suggest intense weathering on craton with low relief and transport across continental 
surface.(Dickinson and Suczek,1979).It can ,therefore be inferred that Ridge 
Sandstone were derived from continental block provenance of low relief witnessing a 
warm tropical climate. 
The study ftirther suggests that the studied rocks were weathered under relatively 
warm and humid climate, which destroyed most of the feldspar and other labile 
constituents. Thus quartz rich detritus were shed into the Kachchh rift. The relief of 
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the provenance was low and erosion processes not strong enough to remove the cover 
rocks from the basement. The abundant quartz in the study area originated from 
granite - gneiss and quartzites. The paucity of feldspar indicates by their destruction 
by intense weathering. The occurrence of both weathered and fresh feldspar reflects a 
dual source; highly weathered granite terrain shedding weathered feldspar and 
recycled orogenic provenace contributing fresh feldspar. The rock fragments indicate 
derivation from low rank metamorphic rocks. Micas are generally, derived from schist 
and gneisses, plutonic igneous rocks and also volcanic sources. The well rounded 
grains of tourmaline and zircon were perhaps derived from Aravalli metasediments. 
The garnet and staurolite grains originated from Aravalli pelitic metasediments which 
have been described to attain rank metamorphism at places. On the basis of above 
description , it can be concluded that the source rocks for Ridge Sandstone include 
granite, granite-gneisses, low and high grade metamorphic rocks and some basic 
rocks. Thus modal composition of Jumara Dome sediments is believed to be 
weathered parts of present day Aravalli Range situated northeast, east and southeast 
of the basin and Nagar parkar massif situated north and northwest of the basin. This is 
indicated by sand dispersal pattern studied by various workers (Balagopal and 
Srivastava,1975; Dubey and Chatterjee,1997; Ahmad and Bhat,2006).The tectonic 
style of Aravalli-Delhi Folded Belt (ADFB) makes it collage of recycled orogen and 
basement uplift provenance. It is expected that sandstone detrital modes derived from 
ADFB and would plot in a recycled orogen provenance. But most of the petrofacies 
Qt-F-L , Qm-F-Lt, Qp-Lv-Ls, Qm-P-K plot in the continental block provenance . In 
addition Qp-Lv-Ls diagram indicate sediments were contributed from rifted 
continental margin. This is accordance with ADFB tectonic evolution and mode of 
origin of Kachchh Basin. False signature of continental block provenance may be 
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result of several factors, which have modified the original composition of detritus in 
one way or the other. The major controls on the detritus composition are exerted by 
paleoclimate, transport and diagenesis. 
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B 
QP 
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Figure 8. (A,B7C,D). Tectono-provenance discrimination diagrams 
(Dickinson, 1985) for Ridge Sandstone. 
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Table 6. Classification and symbols of grain types and legend to 
petrofacies field (after Dickinson, 1985). 
A. Quartzose Grain (Qt = Qm + Qp) 
Qt = Total quartz grain 
Qm = Monocrystalline quartz 
Qp = Polycrystalline quartz 
B. Feldspar grain (F = P + K) 
F = Total feldspar grains 
P = Plagioclase grains 
K = K-feldspar grains 
C. Unstable lithic fragments (L = Lv + Ls) 
L = Total unstable lithic fragments 
Lv = Volcanic/metavolcanic lithic fragments. 
Ls = Sedimentary/metasedimentary fragments. 
D. Total lithic fragments : (Lt = L + Qp) 
Lc = Extrabasinal detrital lime clast (not included in L or Lt) 
Legend to Petrofacies Fields 
In plot A and B: Continental Block (1); lA-Craton Interior, IB- Transitional 
Continental, IC- Basement Uplift. Recycled orogen (II); IIA- Quartzose, IIB 
Transitional, llC- Lithic. Magmatic Arc (III); IIIA- Dissected, IIIB- Transitional, 
IIIC- Undissected, IV-Mixed. 
In plot C. I- Rifted Continental Margin, II- Subduction Complex, III- Collision Suture 
and Fold Thrust Belt, IV- Arc Orogen, 
In plot D. I- Circum-Pacific Volcano Plutonic Suites, the arrow indicates maturity/ 
stability from continental block provenance. 
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Table 7. Percentage of framework modes of the Ridge Sandstone of Jumara 
Dome, Kachchh, Gujarat. (Based on classification of Dickinson,1985) 
S.No 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Average 
Qt 
94.82 
86.28 
85.87 
83.82 
94.61 
89.73 
90.16 
84.10 
82.38 
91.90 
91.78 
84.46 
92.05 
91.92 
93.20 
85.81 
87.33 
92.80 
86.17 
93.33 
85.97 
91.45 
87.66 
93.25 
93.56 
89.38 
F 
4.29 
11.86 
12.07 
12.46 
4.69 
7.57 
9.26 
12.74 
15.60 
5.88 
5.51 
12.88 
6.51 
6.69 
5.35 
12.91 
9.68 
5.62 
10.05 
5.78 
9.95 
7.13 
10.31 
5.04 
4.39 
8.57 
L 
0.89 
1.87 
2.06 
3.72 
0.70 
2.70 
0.59 
3.16 
2.02 
2.22 
2.71 
2.67 
1.44 
1.39 
1.45 
1.28 
2.99 
1.59 
3.78 
0.89 
4.08 
1.41 
2.03 
1.71 
2.05 
2.05 
Qm 
91.32 
83.08 
78.22 
79.39 
90.93 
85.95 
87.27 
78.37 
77.90 
86.88 
87.79 
78.38 
88.80 
85.91 
85.74 
77.64 
81.02 
86.54 
79.66 
86.64 
81.47 
86.00 
81.32 
88.64 
89.20 
84.16 
F 
4.29 
11.86 
12.07 
12.46 
4.69 
7.57 
8.96 
12.74 
15.60 
5.88 
5.51 
12.88 
6.51 
6.69 
5.35 
12.91 
9.68 
5.62 
10.15 
5.78 
9.95 
7.13 
10.31 
5.04 
4.39 
8.56 
Lt 
4.38 
5.07 
9.71 
8.15 
4.38 
6.48 
3.76 
8.89 
6.50 
7.23 
6.71 
8.74 
4.68 
7.39 
8.91 
9.45 
9.30 
7.84 
10.19 
7.58 
8.57 
6.87 
8.37 
6.32 
6.41 
7.28 
Qp 
79.81 
72.06 
78.80 
85.31 
84.01 
68.42 
84.93 
81.12 
68.98 
100.00 
100.00 
87.71 
100.00 
92.50 
90.94 
92.42 
88.76 
100.00 
90.61 
100.00 
75.58 
79.42 
90.33 
72.92 
76.62 
85.65 
Lv 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Ls 
20.19 
27.94 
21.20 
14.69 
15.99 
31.58 
15.07 
18.88 
31.02 
0.00 
0.00 
12.29 
0.00 
7.50 
9.06 
7.58 
11.24 
0.00 
9.39 
0.00 
24.42 
20.58 
9.67 
27.08 
23.38 
14.35 
Qm 
95.51 
87.51 
86.63 
86.44 
95.10 
91.91 
90.69 
86.02 
83.31 
93.66 
94.10 
85.89 
93.17 
92.77 
94.13 
85.74 
89.33 
93.91 
88.70 
93.75 
89.12 
92.34 
88.75 
94.62 
95.31 
90.74 
P 
0.81 
1.80 
1.24 
0.93 
0.53 
0.71 
0.74 
1.41 
1.52 
0.84 
0.56 
1.62 
0.69 
0.96 
0.20 
2.15 
2.12 
0.85 
1.56 
0.53 
0.99 
0.52 
1.59 
0.90 
0.75 
1.06 
K 
3.68 
10.68 
12.13 
12.63 
4.38 
7.38 
8.57 
12.58 
15.17 
5.50 
5.34 
12.49 
6.14 
6.27 
5.67 
12.11 
8.56 
5.25 
9.74 
5.72 
9.90 
7.14 
9.66 
4.48 
3.94 
8.20 
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CHAPTER - V 
DIAGENESIS 
Diagenesis include all physicochemical, biochemical and physical processes 
modifying sediments between deposition and lithification at low temperature and 
pressure characteristic of surface and near-surface environments (Chilingarian et 
al, 1967).In sandstone, the processes can be classified into two broad categories-
physical and chemical diagenesis. Both these processes operate simultaneously in 
response to the surrounding stress field in order to restore chemical equilibrium. 
COMPACTION 
Compaction, is one of the main process of diagenesis, can be defined as the expulsion 
of pore fluids and pore volume decrease in a sedimentary column as a result of normal 
shear - compressional stresses due to the overburden load (Chilingarian, 1983). 
Compaction of sediments, which is the process of volume reduction, can be expressed 
as percentage of the original voids present. The degree of compaction depends largely 
on the ratio of fine to coarse material and the character of the sediment framework 
(Chilingarian et al, 1967).Many variable influenced compaction such as framework 
composition, amount and time of cementation, texture, geothermal gradient and depth 
of burial. 
MECHANICAL COMPACTION 
Mechanical compaction and physical rearrangement to pressure in the Ridge 
Sandstone is evidence by deformed mica grains and fractured quartz grains (Plate -
IIA). In few samples quartz grains display extensive fracturing. These fi-actures 
traverse individual grains. Two or more fi^actures are observed to radiate from the 
point of contact with adjacent grains. 
GRAIN CONTACT 
Grain to grain contacts of a sediments give an idea about pore space reduction and 
compaction history of the sediments. The average percentage of different type of 
contacts in the studied sandstones is as follows: Floating grains (38%), Point contacts 
(35%), long contacts (22%)) Concavo convex and Sutured contacts (5%>) (Table 8). 
The dominance of point and long contacts together averaging 57 percent in the Ridge 
Sandstone, indicates that the detrital grains were not subjected to much pressure 
solution, as either shallow burial or early cementation. The pressure effects are absent 
or at minimum in sandstone which are undergone early cementation (Taylor, 1950). 
However , evidence of mechanical compaction and pressure solution do exist in the 
Ridge Sandstone. Presence of sutured boundaries of quartz overgrowths indicate post 
cement compaction. Therefore it may be concluded that some compaction of Ridge 
Sandstone took place in the early stages, when grains rotated and adjusted themselves 
to the boundaries of adjacent grains. Later compaction took place after cementation. 
The high percentage of floating grains and point contacts are mainly found in 
sandstones with pervasive development of calcite, Fe-calcite, iron and silica cement 
which probably precipitate at later stage. 
FACTORS CONTROLLING COMPACTION 
The effect of mean size, roundness and sphericity on compaction percentage (pore 
volume reduction) of the Ridge Sandstone were evaluated. This study was done by 
plotting mean size (Mz) versus porosity reduction, roundness versus porosity 
reduction and sphericity versus porosity reduction (Figure 9 A,B,C).The mean size 
versus porosity reduction plot show a clear relationship between two parameters. A 
general trend of increasing compaction with decreasing grain size.The sphericity 
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versus porosity reduction plot demonstrate a trend of increasing compaction with 
decreasing sphericity. The roundness versus porosity reduction plot does not show a 
clear relationship between two parameters. Thus, it can be concluded that in the Ridge 
Sandstone compaction has been slightly influenced by mean size and sphericity of 
grains. 
CEMENTATION 
Four types of cements were identified in the Ridge Sandstone; carbonate, iron oxide, 
silica and clay (Table 9). 
CARBONATE CEMENT 
The carbonate cement in the studied sandstone occurs in the form of sparry calcite and 
microcrystalline calcite cements. The percentage range from 5 % to 12 % and average 
9.68 %.Some of the quartz and feldspar grains have been corroded and replaced by 
carbonate. The original framework of the sandstones has been modified as a result of 
replacement of detrital grains by carbonate cement (Plate-IIB). The replacement 
cementation clearly implies that pore water were under-saturated with respect to 
quartz and supersaturated with respect to calcite. Quartz was corroded by the 
continued movements of fluids. The presence of syndepositional carbonate cement, 
which was later replaced by Fe-calcite cement during burial (Plate-IIC). 
Microcrystalline calcite cement probably took place at shallow depth above water 
table by the process of concretion as evidenced by open framework entrapped iron-
oxide cement, later during burial diagenesis, microcrystalline calcite cement were 
replaced by sparry calcite in meteoric hydrologic regime along the interface zone of 
accretion and saturation.The early precipitation of carbonate cement takes place in a 
few centimeters below the sediment water interface(Bjorlykke,1983).The carbonate 
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cement formed during burial by dissolution and re-precipitation represents 
redistributed calcite which was buried with the sandstone. The presence of oversized 
pore- filled calcite cement might be due to destruction and leaching of labile 
framework grain, possibly feldspar, which may have taken place at sediments- water 
interface. 
IRON OXIDE CEMENT 
Iron oxide cement occur in the form of black coating around detrital quartz and 
feldspar grains as well as isolated patches and pervasive pore fillings. Similar coatings 
also occur around altered and leached feldspar grains (Plate-II D). Some of the quartz 
grains are corroded and enveloped by iron oxide cement. In many instances, the 
clastic grains have lost their grain morphology and are present now in the form of 
protrusions, embayments and notches. Thin iron coating on detrital grains is possibly 
inherited fi-om source rock and the presence of corroded quartz grain suggests 
presence of earlier carbonate cement which was replaced by iron oxide. The oversized 
pore spaces might have been resulted from destruction and leaching of labile 
framework grains, possibly feldspars. Coating of iron oxide on detrital grins may also 
be extrabasinal weathering rinds generated during deep burial (Walker, 1984). Patchy 
distiibution of iron oxide suggests either aborted cementation or dissolution during 
uplift. It may also possible that iron oxide cement derived from weathering and 
leaching of ferromagnesian minerals of overlying Deccan Traps. 
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PLATE- II 
A. Photomicrograph showing mechanical compaction in the form of deformed 
mica grains. 
B. Calcite cement as infillings of interparticle pore space, feldspar and quartz 
grains corroded by calcite cement. 
C. Calcite cement corroded by Iron cement. 
D. Iron oxide cement corroded quartz and feldspar grains. 
E. Quartz cement in the form of overgrowth. 
F. Chalcedoney cement. 
G. Authigenic kaolinite. 
H. Clayey matrix corroded quartz grains. 
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SILICA CEMENT 
The silica cement is scarce in the studied sandstones and this may be attributed to 
hmited compaction of the sandstones, thereby causing very little effect of pressure 
solution. It occurs in the form of quartz overgrowth (Platell-E). The overgrowths are 
more common around coarse grains than medium to fine grains of monocrystalline 
quartz population. The relationship between grain roundness and overgrowth indicates 
the overgrowths are more common on subrounded and rounded grains followed by 
subangular and angular. In few thin sections locally cryptocrystalline quartz seams are 
found instead of homotaxial overgrowth. The chalcedonic quartz cement comprised 
radiating micro-fibrous quartz forming fan shaped aggregate (Plate II-F). The source 
of silica cement may be descending meteoric water saturated with silica or pressure 
solution of detrital quartz and other silicates at grain contacts. The conversion of clay 
minerals during diagenesis and decomposition or alteration of feldspar may release 
silica saturated solutions. The possible source for cryptocrystalline quartz cement is 
sponge and intercalations of tuff and volcanic rock fi-agments, which are 
characteristics of marine sedimentation in rift basin. 
CLAY CEMENT 
The clay cement is present in minor amount. It is mainly kaolinite, mixed layer 
smectite - illite and occurs as intergranular microcrystalline aggregate of both 
allogenic and authigenic origin (Plate-Ill A,B,C,D). The allogenic kaolinite is very 
common and show irregular aggregate of plates with rugged outlines, often 
conforming with the adjacent coarser detrital grains, a result of deformation during 
compaction. Authigenic kaolinite shows well developed rosttes crystals, not deformed 
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by compaction. They are alteration products of mica and feldspar grains during 
compaction (Plate- IIG). Smectite- illite occurs as grain coating (pore lining) and also 
as grain replacement of coating clays and micas. Pore -filling and pore bridging illite 
occur. Illite- smectite is often represented by lath -hair like crystals oriented 
perpendicular to the detrital grain surface. 
MATRIX 
In the studied sandstones silty to clayey matrix is present in varying amounts. The 
matrix is stained by iron oxide. Most of the matrix material is syndepositional and 
hence pore filling. Matrix exerts influence on diagenetic process by supplying 
chemical entities and bulk properties, such as porosity and permeability by pore 
occlusion (Plate-IIH). 
COMPACTION AND POROSITY REDUCTION 
In clastic sediments two main process which cause reduction in porosity are 
cementation and compaction. Original porosity of sandstone generally varies between 
30 to 50 % which can be reduced by 10 to 17 % by mechanical compaction 
(Pryor,1973;Beard and Weyl,1973). The initial high porosity is attributed to loose 
packing of sediments at the onset of deposition. In addition to compression, rotation 
of grain and their mechanical breakage during burial also reduces porosity in 
sandstones. 
An estimate of compaction rather porosity reduction by compaction in the Ridge 
Sandstone was obtained by measurement of 'minus cement porosity ' is defined that 
which would be present if a specimen contained no chemical cement, that is, the 
porosity that existed before cementation(Heald,1956). Minus cement porosity of the 
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PLATE- III 
A. Clays resulting due to diagenetic alteration of mica. 
B. Clusters of Kaolinite booklets plugging scattered pores in quartzarenite 
C. Stacks of pseudohexagonal plates or books of Kaolinite cement. 
D. Authigenic mixed layer smectite- illite grown over detrital grains. 
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sandstone is almost equal to the original porosity of freshly deposited sand, it would 
mean that the sandstone has suffered very little compaction .Minus cement porosity of 
the Ridge Sandstone was determined by adding the volume of cement to the volume 
of void present. The volume of cement and voids were measured in each thin section. 
The 'minus cement porosity' values of the studied samples range from 20 % to 37 % 
and average 27.36 percent (Table 9). According to Lundegard (1992) formula, the 
effect of compaction and sediment bulk are taken in to account. The latter appear to 
be more reliable and has been used in the study to quantify the compactional porosity 
loss (COPL). The initial high porosity is attributed to loose packing of sediments at 
the onset of deposition .In addition to compression, rotation of grain and their 
mechanical breakage during burial also reduce porosity in sandstones. 
COPL= Pi- [(100-Pi)* Pmc) / (100 - Pmc) ] (i) 
where Pi is the depositional porosity, Pmc is the minus cement porosity. The role of 
cement in porosity reduction was estimated quantitatively by Lundegard (1992). The 
formula employed to estimate cementation porosity loss (CEPL) is 
CEPL= Pi - COPL *(C/Pmc) (ii) 
where Pi is the depositional porosity, C is toatal cement, pmc is minus cement 
porosity, COPL is compactional porosity loss. 
The studied sandstone, which are mainly medium to fine grained, moderately to 
moderately well sorted and have quartzarenitic and subarkosic framework 
composition and are deposited in shallow marine environment, qualify to Pi 30 to 50 
percent (Atkins and McBride,1992), which have used here as an assumed initial 
porosity to resolve equation (i) and (ii) and for the plot COPL versus CEPL. 
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POROSITY EVOLUTION AND DEPTH OF BURIAL 
The grain contact and the amount of porosity reduction have been employed to the 
study of depth of burial of the Ridge Sandstone. The present study is based on graphic 
plots of porosity versus depth. The existing optical porosity (EOP) ranges from 2 to 8 
percent and an average of 3.64 %, while minus cement porosity (MCP) ranges from 
20 to 37 percent (TablebQ). The average minus cement porosity of these sandstones is 
27.36 percent and is plotted on different graphs of porosity versus depth after 
MaCulloh (1967), Lapinskaya and Preshpyakove(1971), Selley (1978) and Atwater 
and Miller (1965) (FigurlO A,B,C) that suggests a depth of burial in the range of 
1700-2450 m (Table 10). However the upper limit of the depth range is not consistent 
with the petrographic clues that are indicative of at least intermediate depth of burial, 
in some cases deep burial for these sandstones. One possible reason for this 
inconsistency could be the limited number of samples analyzed. Another reason could 
be the dominantly medium to fine grained nature of these sandstones. 
The plot COPL (Porosity loss due to compaction) versus CEPL (Porosity loss due to 
cementation) plotted on variation diagram given by Lundegard(1992) suggest that 
cementation was major causes of the porosity reduction (Figure lOD). High minus 
cement porosity values also suggest low mechanical compaction probably just before 
cementation leading to moderate packing.The early cementation may have reduced 
posoity and established the constituent framework, which appears to have restricted 
late stage compaction during deep burial (Houseknecht,1987). 
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EFFECT OF DIAGENESIS ON RESERVOIR CHARACTERISTICS 
Petrographic analysis of Ridge Sandstone has demonstrated the existence of three 
stage of diagenesis, i.e. early, intermediate and deep burial. The diagenetic history is 
based on the petrographic relationship between different diagenetic alteration and the 
physicochemical environments required for each alteration. The studied sandstones 
are subjected to more cementation than compaction. Mechanical compaction was the 
operative during early stage of diagenesis and in limited way. This process continued 
during the first nearly 2450 m of burial depth. During mechanical compaction 
rearrangement of grains took place and point and long contacts were formed. The 
original porosity of about 30 to 50 % was reduced to an average of 27.36 percent. 
Mechanical compaction did not give rise to much pressure solution as is evidenced by 
the absence of limited number of concavo-convex and sutured grain contacts. 
Cementation of these sandstone appear to have been initiated with silica cement 
which followed by calcite, iron oxide and clay cements. The source of silica cement 
may be descending meteoric water saturated with silica or pressure solution of detrital 
quartz and other silicates at grain contacts. The conversion of clay minerals during 
diagenesis and decomposition or alteration of feldspar may release silica saturated 
solution. The third major diagenetic event consist of dissolution and leaching of 
feldspar. Dissolution and leaching of feldspar in the studied sandstones took place 
probably during uplift and weathering. The pre-trappean uplift of Jurassic sediments 
and resulting circulation of meteoric water brought about leaching of feldspar in the 
Ridge Sandstone. The next phase consisted of precipitation of calcite in the form of 
sparry and microcrystalline calcite cements. Microcrystalline calcite cement probably 
took place at shallow depth above water table by the process of concretion as 
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evidenced by open framework entrapped iron oxide cement, later during burial 
diagenesis microcrystalline calcite cement were replaced by sparry calcite in 
meteoric hydrological regime along the interface zone of accretion and saturation. In 
some thin sections presence of Fe-calcite cement which suggest the presence of 
syndepositional calcite cement which was later replaced by Fe - calcite cement during 
deep burial. The iron oxide formed due to weathering and pedogenic processes. 
Authigenic kaolinite was deposited in the available interparticle pore spaces. 
Kaolinite and illite-smectite occur as pore fillings surrounded by calcite and iron 
oxide cements. Finally chalcedony which replaced earlier formed authigenic and 
detrital constituents of the the studied sandstone. The possible source of chalcedony 
cement is sponge and intercalation of tuff and volcanic rock fragments which are 
characteristic of marine sedimentation in rift basin. 
Overall diagenetic history of Ridge Sandstone (grain contacts, minus cement porosity, 
porosity reduction) indicate intermediate to deep burial conditions for these 
sandstones. The first phase started from the time of deposition to a depth of burial 
nearly 2450 m. The first phase of diagenesis consisted of mechanical compaction and 
precipitation of small amounts of quartz cement. The second phase in which pore 
spaces were almost coupled obliterated by the precipitation of calcite cement from 
supersaturated solutions in the fresh water phreatic zone. However secondary porosity 
was generated by dissolution and leaching of feldspar grain, calcite and iron oxide 
cements. Once again both porosity and permeability are reduced at a later date by 
deposition of authigenic kaolinite and illite-smectite in the secondary pore spaces of 
sandstone unit. 
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Table 8. Percentages of various types of grain to grain contacts of the Ridge 
Sandstone of Jumara Dome, Kachchh, Gujarat. 
S.No. 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Avg 
Types of Contacts 
Floating 
53 
29 
41 
48 
34 
32 
41 
29 
39 
40 
43 
31 
48 
44 
39 
28 
38 
30 
37 
36 
46 
44 
34 
32 
41 
38 
Point 
27 
47 
38 
31 
35 
33 
37 
43 
35 
34 
36 
44 
35 
33 
31 
34 
33 
36 
35 
31 
35 
33 
35 
33 
38 
35 
Long 
11 
24 
18 
21 
24 
25 
16 
27 
14 
26 
12 
25 
15 
23 
23 
28 
20 
34 
13 
30 
15 
23 
24 
25 
18 
22 
Cocavo-convex 
6 
0 
3 
0 
6 
7 
6 
1 
7 
0 
5 
0 
2 
0 
5 
5 
9 
0 
10 
2 
2 
0 
6 
7 
3 
4 
Sutured 
3 
0 
0 
0 
1 
3 
0 
0 
5 
0 
4 
0 
0 
0 
2 
5 
0 
0 
5 
1 
0 
0 
1 
3 
0 
1 
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Table 9. Percentages of cement and void spaces of the Ridge Sandstone of 
Jumara Dome, Kachchh, Gujarat. 
S.No. 
Rl 
R3 
R4 
R8 
R9 
RIO 
Rll 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R30 
Avg 
Cements 
3 
2 
3 
2 
1 
2 
2 
2 
3 
1 
2 
2 
1 
2 
1 
2 
3 
2 
1.72 
a 
o 
7 
6 
10 
10 
7 
8 
6 
7 
6 
5 
6 
10 
10 
9 
10 
8 
7 
6 
5 
9 
10 
7 
9 
7 
9 
7.76 
a 
o 
11 
12 
12 
12 
11 
12 
7 
8 
7 
9 
5 
11 
11 
10 
11 
5 
8 
9 
8 
11 
8 
11 
12 
10 
11 
9.68 
OS 
5 
4 
2 
0 
1 
0 
2 
3 
1 
2 
2 
3 
2 
1 
1 
2 
2 
1 
3 
2 
4 
5 
3 
4 
4 
2.36 
2 
3 
4 
3 
1 
2 
1 
1 
1 
1 
3 
4 
3 
3 
2 
2 
3 
4 
2 
3 
3 
2 
3 
2 
3 
2 
2.44 
Total 
Cement 
29 
27 
28 
25 
26 
22 
17 
22 
16 
20 
19 
28 
28 
24 
26 
23 
22 
20 
21 
26 
26 
27 
28 
27 
29 
24.24 
Detrital 
Grain 
63 
66 
70 
73 
71 
76 
80 
76 
80 
74 
77 
68 
70 
74 
71 
75 
76 
77 
74 
70 
62 
60 
58 
64 
72 
71.08 
Existing 
Optical 
Porosity 
8 
7 
2 
2 
3 
2 
3 
2 
4 
6 
4 
4 
2 
2 
3 
2 
2 
3 
5 
4 
5 
4 
6 
2 
4 
3.64 
Minus 
Cement 
Porosity 
37 
34 
30 
28 
29 
24 
20 
24 
20 
26 
23 
32 
30 
26 
29 
25 
24 
23 
26 
30 
29 
28 
29 
30 
28 
27.36 
COPL 
31.59 
27.65 
22.93 
20.76 
21.83 
16.78 
13.19 
16.78 
13.19 
18.72 
15.84 
25.22 
22.93 
18.72 
21.83 
17.73 
16.78 
15.84 
18.72 
22.93 
21.83 
20.76 
21.83 
22.93 
20.76 
20.32 
CEPL 
60.03 
57.69 
63.40 
58.72 
59.92 
56.63 
49.46 
56.63 
46.55 
49.01 
50.26 
61.44 
63.40 
58.81 
59.92 
57.71 
56.63 
52.91 
51.46 
58.87 
59.92 
63.42 
64.53 
61.14 
68.11 
57.86 
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Table 10. Interpreted depth of burial of the Ridge Sandstone of Jumara Dome, 
Kachchh Basin, Gujarat. 
Depth of Burial vs Minus Cement Porosity 
McCuUoh (1967) 
Lapinskaya and Preshpyakove (1971) 
Selley (1978) 
Atwater and Miller (1965) 
Feet (ft) 
1750 
4900 
5577 
8038 
Meter (m) 
533 
1493 
1700 
2450 
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CHAPTER VI 
GEOCHEMISTRY 
Mineralogy and chemical composition of clastic rocks largely depend upon lithology 
of the source area, which is itself controlled by tectonic setting (Dickinson and 
Suczek,1979;Dickinson et al ,1983; Lee and Sheen ,1998 Rieser et al,2005). Other 
controlling factors of chemistry and mineralogy of elastics include prevailing climate, 
sediment transport processes, depositional environment and diagenesis 
(Johnsson,1993; Taylor and Maclennan,1985; Bhatia and Crook 1986; Cox and Lowe, 
1995; Nesbitt et al, 1997;Cullers,2000). Thus in geochemical studies of clastic 
sedimentary rocks, major elements, trace elements including rare earth elements 
(REEs) and their elemental ratios are considered sensitive indicators of the source 
rocks, paleoclimate, paleoweathering conditions and tectonic setting (Bhatia, 1983; 
Roser and Korsch,1986;Maclennan et al.,1993; Cullers, 1988,2000;Condie 1993). 
Geochemistry has proven itself to be a very important tool in the evaluation of 
depositional environment and basinal settings, especially of Precambrian sedimentary 
rocks where fossil rocks are meager. They also provide valuable information on the 
crustal evolution processes during the Precambrian time. 
SAMPLING 
A total of 42 samples of sandstone and shale were collected during the course of this 
study. The criteria for samples collection include fresh or least weathered sample free 
from quartz and other secondary mineral veins apart from the variability in grain size 
and matrix. Prior to their geochemical analysis, petrographic studies of the samples 
were carried out from thin sections to determine the suitability of samples for 
geochemical study. After carefial thin section screening, altogether 21 representative 
samples (16 sandstone and 5 shale) have been selected for their geochemical analysis. 
The samples were first washed with H2O2 then treated with HCl for overnight to 
dissolve calcite materials, if any, suspected due to their association with calcareous 
rocks. The samples were then dried and grinded in a steel mortar. From this crushed 
lot, chips firee of veins, oxidized lines and cavities were hand picked and were 
powdered to 200 mesh using the TEMA swing mill for maintaining the homogenity 
and representativeness of the samples. The major, trace and LREE elements of such 
selected samples were analyzed by XRF (S4 Pioneer-Bruker) systems at CESS 
(Centre for Earth Science Studies), Thiruvananthapuram. 
MAJOR ELEMENT GEOCHEMISTRY 
Major element data indicate that sandstones are largely composed of SiOa and AI2O3 
contents. Si02 content varies from 64.72 to 83.25n% with an average of 73.87 % 
(Table 11). AI2O3 concentration varies from 7.90 to 14.52 % and averages at 10.46 %. 
Fe203 varying fi-om 0.60 to 3.39 % (average 1.81 %). Ti02 and K2O contents show 
small variations 0.24 to 0.62 % (average 0.45 %) and 1.25 to 1.92 %, (average 1.61 
%) respectively. Na20 concentration varies from 0.32 to 0.63 % and averages at 
0.46%.MgO values range from 0.02 to 2.11 % (average 0.48 %) . P2O5 and MnO 
contents show small variation from 0.04 to 0.14 % (average 0.09 %) and 0.01 to 0.18 
% (average 0.07 %) respectively. CaO shows large range of variation from 0.18 to 
14.29 % with an average 5.91 % probably due to presence of clastic matrix and or 
cement in some samples. 
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Si02 concentration within shale samples range from 59.86 to 69.36 % (average 62.85 
%) and AI2O3 content varies from 19.24 to 24.43 % (average 21.56 %).Fe203 varying 
from 1.55 to 8.02 % (average 4.11%). K2O and Na20 values range from 2.39 to 2.67 
% (average 2.50 %) and 0.34 to 1.8 % (average 0.85 %) respectively. P2O5 and MnO 
contents show small variation from 0.06 to 0.07 % (average 0.06 %) and 0.01 to 0.02 
% (average 0.01 %) respectively .Ti02 content varies from 0.94 to 1.34 % and 
average at 1.18 %. MgO and CaO contents show small variations from 0.79 to 2.37 
%( average 1.45 %) and 0.20 to 0.80 (average 0.37 %) respectively. 
The Rb, Ba and Ga are large ion lithofile elements which are hosted in feldspar and 
micas. However their primary abundances may be modified by secondary processes 
or may be reduced by increased Si02 contents during the sediment maturity (quartz 
dilution effect). Concentration of Rb within sandstone samples varies from 55 to 95 
ppm (average 75.31 ppm). The concentration of Ba varies from 294 to 470 ppm 
(average 369.87 ppm) and Ga values range from 0 to 13 ppm (average 4.31 ppm). Rb 
values within shale range from 133 to 174 ppm (average 159 ppm) and Ba values 
from 213 to 548 ppm (average 384 ppm).The Ga concentration range from 32 to 48 
ppm and average 39.4ppm. 
The transitional trace elements (TTE) like Cr, Co, Ni, Cu, Zn being hosted by mafic 
minerals, behave similarly during magmatic processes and get mutually fractionated. 
Cr in sandstone ranges from 16 to 46 ppm (average 30.5 ppm). Co content ranges 
from 7 to 28 ppm(average 13.37 ppm),while Ni varies from 0.0 to 71 ppm (average 
25.31 ppm). Cu contents varies from 0 to 11 ppm with an average of 3.43 ppm and Zn 
varies from 0-193 ppm (average 43.62 ppm). Cr values within shale samples range 
from 91 ppm to 133 (average 113.6 ppm) and Co values range from 10 to 19 ppm 
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(average 14 ppm). The concentration of Ni range from 28 to 62 ppm and average 42.6 
ppm. Cu content ranges from 24 to 72 ppm ( average 45.2 ppm),while Zn 
concentration varies from 0 to 80 ppm( average 31 ppm). 
Zr, Y and Nb are considered to indicate provenance compositions as they are 
immobile during sedimentary process and have low residence time in the sea water 
(Holland, 1978; Sugitani et al.,2006).Therefore, their abundances along with REE 
contents show the composition of source rocks. Zr values within sandstone samples 
show large range of variation from 187 to 736 ppm (average 481.06 ppm). Y 
concentration range from 13 to 51 ppm( average 25.93 ppm). The shale samples also 
display large variation in Zr content ranging from 421 to 859 ppm (average 
671.2ppm) while Y and Nb contents vary in narrow range 28 to 52 ppm (average 40.2 
ppm) and 12 to 16 ppm (average 14.2 ppm) respectively. 
Rare earth elements in the sedimentary rocks are mostly terrigenous and reveal the 
source rock composition which in turns reflects REE distribution of the expanded 
continental crust (Mclennan, 1989). By comparing the concentration of REE of 
cogenetic rocks, it is possible to constrain the effect of sedimentary processes in the 
geochemical evolution of the clastic rock (Coryell et al, 1963). These chemical 
properties of REEs make them excellent natural probes of particle /solution 
interaction and redox reaction at earth surfaces. La values within sandstone samples 
range from 16 to 47 ppm (average 30.25 ppm) while Sm values range from 3 to 5 
(average 4.06 ppm). Ce content ranges from 21 to 112 ppm with an average of 55.87 
ppm . La content within shale range from 32 to 57 ppm and average 42.2 ppm .Sm 
ranges from 4 to 6 and average 5 ppm and Ce ranges from 57 to 115 ppm and average 
81.6 ppm. 
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In the geochemical classification diagram of Pettijohn et al, (1987) the studied 
samples occupy subarkose and arkose fields (Figure 11 A). Herron, (1988),modified 
the diagram of Pettijohn et al.(1987) using log (FeaOs/ K2O) along Y-axis instead of 
log (NaiO/ K2O). The ratio of FeiOs/ K2O allows the arkoses to be more successfully 
classified and is also a measure of mineral stability. A fiirther advantage of the Herron 
classification is that it can be simultaneously used to distinguish shale, sandstone , 
arkose and carbonate rocks. The studied samples overall occupy similar fields in 
Herron diagram like that in Pettijohn diagram (Figure 11 B). 
The correlation matrix indicates certain association in sandstone and shale of Jumara 
Dome (Table 12 A,B)- In sandstone samples AI2O3 shows weak positive relationship 
with Si02 (r=0.20) and with K2O strong positive relationship (r=0.79), strong positive 
correlation with Na20 (r=0.85) and weak inverse relationship with MgO (r=-0.09).A 
strong positive correlation of AI2O3 with Ti02 (n=0.79) and moderate positive 
correlation with Fe203 (r=0.38) is observed (Figure 12A). Furthermore there is 
moderate positive relationship between MgO and Fe203 (r=0.45). Similarly K2O 
shows moderate positive relationship with Na20 (r=0.60) and Ti02 (r=0.46)(Figure 
12B).These relationships suggest the control of clay fraction present in the sandstone 
on the major oxide abundance of sandstone. 
In shale samples AI2O3 shows moderate inverse correlation with Si02 (r=-0.37) and 
weak inverse correlation with K2O (r=-0.19), strong inverse relationship with Na20 
(r=-0.73). AI2O3 also shows moderate inverse correlation with MgO (r=-0.65), weak 
positive relationship with Ti02 (r==0.18) and moderate inverse relationship with Fe203 
(r=-0.68)(Figure 12A).Alkali oxides K2O and Na20 are in weak inverse relationship 
(r=-0.19) while there is a strong negative relationship of K2O with Ti02 (r=-
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0.66).There is a strong positive correlation between MgO and Fe203 (r=0.99)(Figure 
12 B). The elemental relationship displayed by shale samples demonstrate control of 
source rocks in the provenance. 
In sandstone samples there is a moderate inverse relationship between K2O and Ba 
(r=-0.43) and strong positive relationship between K2O and Rb(r=0.92) . MgO show 
weak positive relationship with Cr (r=0.21), weak inverse relationship with Ni (r=-
0.17) and moderate positive relationship with Zn (r=0.57) (Figure 13 A). There is a 
strong positive correlation of Zr with AI2O3 (=0.73), moderate positive correlation 
with K2O(r=0.55), strong positive relationship with TiO2(r=0.93) and moderate 
positive correlation with Y (r=0.50( Figure 13 B). These relations are generally found 
in felsic igneous rocks. The weak positive relationship of TTE with MgO is probably 
a sorting effect. In shale samples there is a moderate positive correlation between K2O 
and Ba (r=0.52), K2O and Rb (r=0.31). MgO show strong positive correlation with Cr 
(r=0.89), Ni (r=0.95) and Zn(r=0.99)(Figure 13 A). Zr is moderate positive 
correlationship with AI2O3 (r=0.52), weak positive with K2O (r=0.20) and moderate 
inverse relationship with Ti02 (r=-0.63), strong positive relationship with Y 
(r=0.98)(Figure 13 B) .These relationship suggest that the debris in shales were 
derived from mafic igneous rocks in which the TTE were fractionated with MgO. 
Chemical Index of Alteration (CIA) 
The chemical index of alteration (CIA) is an important tool to evaluate the 
progressive alteration of plagioclase and potassium feldspars to clay minerals. This 
index was introduced by Nesbitt and Young (1982).The wide applicability of this 
index lies within the upper crust (Nesbitt and Young, 1984). The quantification of the 
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degree of chemically weathered products in sediments can be done through 
calculation of the chemical index of alteration (CIA) from bulk inorganic chemical 
analysis. 
CIA= [ ( Al2O3*100) / (AI2O3+ CaO* + NaiO + K2O)] 
In this equation oxides expressed in molar proportion and CaO*is the amount of CaO 
incorporated in the silicate fraction of the rock in the analyzed samples, the CO2 data 
is not available and thus correction for Ca in carbonates to obtain CaO*can not be 
done. Neverthless, there are only few samples which contain elevated CaO, and these 
samples have been excluded from all such indices calculations. The CIA values of the 
sandstones are widely used as an indicator of the intensity of weathering in the 
provenance (Nesbitt and Young, 1982). CIA values of unweathered igneous rocks and 
and fresh feldspar ranges from 40-50, where as in intensely weathered residue rocks, 
it approaches to 100(Nesbitt and Young, 1982).The CIA values of PASS is reported 
to be 70-75 which is considered to represent low to moderate degree of weathering. 
CIA values for the unaltered plagioclase and K-feldspar are approximately equal to 50 
and values of 100 indicates complete conversion of feldspar in to clay minerals like 
gibbsite and Kaolinite (Fedo et al., 1995).CIA values of the studied sandstone and 
shale samples range from 50.28 to 81.73 (average,73.47), 75.60 to 86.34 (average 
81.77) respectively. Variation in CIA values reflects variation in the proportion of 
feldspar versus aluminous clay minerals. The CIA values of sandstone and shale of 
present study indicate that these sediments are moderately to highly weathered which 
in turn suggests that the sediments have been derived from the source rocks that were 
subjected to both physical and chemical breakdown. 
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Chemical Index of Weathering (CIW) 
Condie (1992) considers CIW as a best measure of the intensity of chemical 
weathering over CIA because CIA calculations involve K2O which is a mobile oxide. 
This limits its application to sediments in which potassium has been actually leached. 
CIW= [AI2O3* 100/( AI2O3+ CaO* + Na20) ] 
Where Al203,CaO and NaaO are represented in molar proportion. This index does not 
incorporate potassium because it may be leached or it may be accumulate in the 
residue during weathering .In this index AI2O3 is used as the immobile components, 
Cao and Na20 are the mobile components, because they are readily leached during 
weathering. The CIW index increases with the depletion of Na and Ca in the sediment 
relative to the Al. CIW index values for the source rock and sediment reflect the 
amount the chemical weathering experienced by the weathered material. In 
comparison to other weathering indices, it is a superior method involving restricted 
number of components which have simple well known and consistent geochemical 
behavior during weathering. 
CrW values of the studied sandstones and shales range from 54.87 to 94.33 (average 
84.25), 84.19 to 95.60 (average 91.23) respectively. On the basis of CIW, the studied 
sediments may be interpreted to show moderate to high chemical weathering. 
Plagioclase Index of Alteration (PIA) 
The chemical weathering can also be indicated by PIA (Fedo et al., 1995), especially 
when plagioclase weathering needs to be monitored. The values are calculated using 
the following formula: 
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PIA= [ (AI2O3- K2O)*100/( AI2O3+ CaO* + Na20 - K2O) ] 
Where all variables are in molecular proportions and Cao* is the CaO content of the 
silicate fraction only. The maximum value of PIA is 100 for completely altered 
material (Kaolinite, Gibbsite) and unweathered plagioclase has a PIA value of 50. PIA 
values of the sandstone show large variation from 50.34 to 93.30 (average 82.05), and 
those of shale vary in narrow range 82.16 to 95.06 (average 90.07).PIA value of the 
studied sediments further ascribe moderate to intense plagioclase weathering in the 
source area. 
Index of Compositional Variability (ICV) and K2O / AI2O3 ratio 
Oxides ratios can be used to characterize differences between samples. Clay minerals 
and non-clay silicate minerals are characterized by very different proportions of 
alumina. In view of this several workers (Cox et al.,1995; Cox and Lowe., 1995) have 
proposed the use of Index of Compositional Variability(ICV) and K2O / AI2O3 ratio. 
The Index of Compositional Variability (ICV) is calculated by the following formula. 
ICV= [Fe203+ K2O + Na20 + CaO*+ MgO+MnO+Ti02] / AI2O3 
The sandstone with ICV>1 are compositionally immature with the first cycle 
sediments deposited in tectonically active settings. On the other hand, those with ICV 
<1 are compositionally mature and are deposited in the tectonically quiescent or 
cratonic environment, where sediment recycling is active (Cox et al., 1995).The ICV 
values within studied sandstone vary from 0.38 to 1.43 (average 0.69) and shale 0.35 
to 0.93 (average 0.60) .On the basis of average ICV values (sandstone 0.69-
shale0.60),it can be interpreted that the both sandstone and shale are compositionally 
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mature and are the product of recycled sediments deposited in tectonically quiescent 
or cratonic environment. 
A-CN-K 
Most authors favor the use of Al203-(CaO*+ Na20 - K2O) ( A-CN-K) ternary plot in 
evaluating the chemical weathering trends than simple comparison of numerical 
values (Nesbitt and Young, 1984; 1989;Roddaz et al.,2006; Raza et al., 2010 a,b ; 
Fatima and Khan,2012) as geological systems are not simple and a single calculated 
value may not adequately reflect their complexities. 
In this diagram values of oxides i.e. A- (AI2O3), CN=(CaO*+ Na20) and K=( K2O) 
are taken in molecular proportions and CaO* represents CaO incorporated into 
silicate minerals (Nesbitt and Young, 1984; Nesbitt,2003). Biotite and K-feldspar, 
augite and amphiboles plot near the CN apex and calcite plot on the Ca apex. Illite 
and smectite plot on the diagram at 70 to 85 % AI2O3. The clay mineral groups, 
Kaolinite, Chlorites and Gibbsite plot at the apex (100% AI2O3). The initial 
weathering trends of igneous rocks are sub parallel to CN-A join as Ca and Na from 
plagioclase are leached from the profile in preference to AI2O3, thus the residues are 
enriched in AI2O3. as weathering progresses, clay minerals are produced at the expense 
of feldspars and bulk composition of soil/sediments samples evolve up the diagram, 
reflecting the preponderance of aluminous clay minerals. The weathering trend 
intersects then A-K boundary once all plagioclase is weathered and then is redirected 
towards the A apex because K is extracted from the residues in preference to Al. K 
enrichment involves addition of K2O which reduce path towards the K2O apex of the 
triangle. K metasonatism of sediments can take two different paths representing either 
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conversion of aluminous clay minerals (Kaolinite) to illite and or conversion of 
plagioclase to K-feldspar. Both these processes result in the samples being enriched in 
K2O and therefore, offset from the weathering trend. Conversion of aluminium clay 
minerals to illite results in CIA values lower than the premetasomitised while in the 
second case where K metasomatism involves replacement of plagioclase by K-
feldspar, the CIA does not change because the process involves mole per mole 
substitution of K for Ca or Na. The most intensely weathered samples will therefore 
plot highest in the diagram, reflecting the preponderance of aluminous clay minerals. 
An estimation of the K-metasomatism can be made by drawing a line from K2O apex 
through individual data points; the intersection point of this line with the weathering 
paths gives the premetasomatised CIA values which can be directly interpreted by the 
scale in the left. The difference between the premetasomitased and the current CIA 
values allows quantitative estimation of K-enrichment in a rock. 
The A-CN-K plot is also useftil in evaluating fresh rock composition and examining 
their weathering trends since unweathered primary igneous rocks have CIA value 
close to 50 (Fedo et al.,1995) i.e close to the feldspar join. On this diagram, backward 
projection of the trend line adduced from weathered samples onto feldspar join 
provide approximate plagioclase/K feldspar ratios of their source rock i.e. probably 
magmatic igneous source rock. 
The samples of clastic rocks of present study plot along a trend line parallel to A-CN 
axis emerging from diorite reaching upto illite stability zone (Figure 14). It therefore 
suggest that diorite was the source rock of these elastics. The source rock was 
simultaneously subjected to physical and moderately intense chemical weathering to 
produce debris for these sediments. 
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Samples of Ridge Sandstone and shale exhibit variable enrichment and depletion in 
their major and trace elements compared to PAAS (Table 13).For a realistic 
comparison, average elemental abundance of both sandstone and shale are normalized 
to PAAS (Figures 15,16 ).It is evident from figure that Ridge Sandstone posses 
depleted values of all major oxides, trace elements including LREE except Si02 and 
Cao (slightly enriched), Zr (significantly enriched) and Y similarly comparing to 
PAAS (Figure 16 A).This depletion appears to be due to quartz dilution effect and Zr 
due to from source had the enrichment of Zr been due to zircon sorting, this should 
had resulted in the enrichment of REE also. But REE abundance are also not probably 
depleted in sandstone. Average Si, Al. Ti, Rb, Nb, Cr, Ni and LREE contents of shale 
are more or less same to that of PAAS (Figure 16 B ).However average values of Fe, 
Mg, Na, K, Ba and Co are slightly depleted compared to PASS. Zr content is enriched 
in shales also like sandstone. The analogous contents of Si,Al,Ti, LREE and TTE in 
the shale to PAAS with slightly depleted values of other elements ascribe a PAAS like 
source (granitic gneiss and minor mafics) to the rocks of present study. 
PROVENANCE AND TECTONIC SETTING 
The plots of Ridge Sandstone on Qt-F-Land Qm-F-Lt digrams suggest that the 
detritus of the sandstones were derived from the granite-gneisses exhumed in the 
craton interior and low to high grade metamorphic supracrustal forming recycled 
orogen shedding quartz debris of the continental affinity in to the basin. The 
provenance for Ridge Sandstone is believed to be weathered parts of the present day 
Aravalli Range situated northeast, east and southeast of the basin and Nagarparkar 
massif situated north and northwest of the basin. This is indicated by sand dispersal 
pattern studied by various workers (Balagopal and Srivastava, 1975;Dubey and 
Chatterjee,1997; Ahmad and Bhat, 2006). 
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Discrimination function analysis has been used extensively to investigate the chemical 
composition and also to discriminate between various tectonic environments and 
sedimentary provenances. Using major oxidized ratios as variables, discriminent 
function diagram has been proposed by Roser and Korsch (1986) to distinguish 
sediments derived from mafic, intermediate, felsic igneous and quartzose sedimentary 
rock provenance. These function further discriminate among four tectono-magmatic 
provenances, PI-demonstrated as Ocean island arc, P2-Mature island arc, P3-Active 
continental margin and P4-Passive orogenic terrain. Most of studied sandstones/Shale 
plot fall in P2 and P4 fields in this diagram (Figure 17), indicating thereby that they 
are derived from recycled orogenic terrain which is considered to host granite-
gneissic or quartzose sedimentary rocks. 
The geochemistry of sedimentary rocks has been widely used to discriminate tectonic 
setting of the sedimentary basin (Bhatia, 1983; 1985 a,b;1987;Mclennan and 
Taylor, 199 l;Graver and Scott, 1995).Major and trace element variations are 
considered to reflect distinct provenance types and tectonic setting for sedimentary 
sequences. Bhatia (1983) and Bhatia and Crook (1986) categorized sedimentary basin 
into four namely oceanic island arc, continental island arc, active continental margin 
and passive continental margin. In K2O / Na20 versus SiOa diagram (Figurel8) 
(Roser and Korsch, 1986), all the studied samples occupy fields of passive 
margin(PM). Similar conclusion is drawn from Kroonenberg (1994) plot (Si02/ K2O + 
Na20 and Ti02 - Fe203+ MgO).The studied samples fall in passive margin setting 
(Figure 19). Inferences about tectonic set up of Jumara Dome sediments adduced 
fi"om geochemical data are in complete agreement with interpretation arrived out from 
petrofacies analysis. 
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Table 11. Major and trace element abundance of Ridge Sandstone and Grey 
Shale of Jumara Dome,Kachchh Gujarat. (Oxides in wt% ), (trace elements in 
ppm). 
Elements 
S i02 
T i 0 2 
AI203 
MnO 
Fe203 
CaO 
MgO 
N a 2 0 
K 2 0 
P 2 0 5 
LOI 
CIA 
PIA 
CIW 
ICV 
Cr 
Co 
Ni 
Cu 
Zn 
Ga 
Rb 
Y 
Zr 
Nb 
Ba 
La 
Ce 
Sm 
Ridge Sandstone 
R-3 
75.84 
0.59 
14.49 
0.01 
2.28 
0.39 
0.47 
0.63 
1.90 
0.05 
3.12 
79.33 
87.88 
89.42 
0.50 
46 
17 
33 
7 
11 
13 
95 
22 
693 
9 
459 
27 
45 
4 
R-8 
75.66 
0.31 
8.08 
0.02 
0.60 
7.75 
0.24 
0.32 
1.25 
0.10 
5.51 
81.24 
92.95 
94.06 
0.41 
16 
11 
0 
0 
0 
0 
65 
15 
293 
8 
294 
39 
74 
5 
R-9 
73.82 
0.34 
9.56 
0.04 
0.94 
8.50 
0.17 
0.36 
1.44 
0.13 
4.58 
81.74 
93,31 
94.34 
0.38 
20 
8 
3 
1 
13 
0 
79 
27 
310 
10 
334 
47 
112 
5 
R-10 
75.00 
0.35 
7.89 
0.08 
3.32 
4.89 
2.11 
0.34 
1.32 
0.10 
4.41 
79.99 
92.26 
93.57 
1.27 
22 
15 
11 
5 
193 
3 
63 
13 
278 
8 
349 
33 
71 
4 
R-11 
68.07 
0.39 
9.77 
0.10 
1.03 
14.11 
0.22 
0.41 
1.60 
0.10 
4.02 
80.35 
92.48 
93.73 
0.43 
23 
8 
2 
1 
0 
0 
73 
27 
411 
9 
322 
28 
44 
5 
R-15 
71.22 
0.43 
9.79 
0.04 
1.19 
9.21 
0.14 
0.45 
1.63 
0.09 
5.65 
79.75 
91.79 
93.17 
0.43 
26 
9 
4 
0 
18 
0 
69 
26 
434 
8 
352 
25 
39 
4 
R-16 
70.51 
0.49 
12.08 
0.18 
1.99 
2.82 
0.72 
0.61 
1.92 
0.07 
8.42 
59.59 
62.07 
66.42 
1.01 
40 
15 
37 
8 
34 
5 
92 
19 
413 
10 
437 
28 
45 
3 
R-18 
67.11 
0.40 
9.65 
0.08 
1.06 
11.82 
0.25 
0.43 
1.60 
0.08 
7.35 
79.94 
92.03 
93.37 
0.45 
23 
7 
11 
2 
63 
0 
55 
37 
539 
5 
341 
31 
46 
3 
R-21 
69.46 
0.42 
10.46 
0.09 
1.20 
9.38 
0.15 
0.57 
1.86 
0.09 
6.17 
78.14 
90.28 
92.01 
0.45 
27 
11 
25 
5 
22 
0 
77 
33 
459 
8 
413 
29 
51 
4 
R-22 
54.64 
0.24 
9.27 
0.12 
0.89 
14.28 
0.08 
0.45 
1.73 
0.04 
8.13 
78.13 
91.16 
92.82 
0.41 
17 
8 
3 
0 
0 
0 
62 
19 
187 
6 
359 
16 
21 
3 
R-23 
79.13 
0.53 
11.54 
0.02 
3.39 
0.44 
0.15 
0.52 
1.62 
0.12 
2.35 
77.30 
85.72 
87.62 
0.58 
38 
16 
67 
8 
73 
10 
73 
29 
617 
8 
405 
33 
67 
4 
R-24 
75.59 
0.62 
11.44 
0.09 
2.52 
2.69 
1.00 
0.41 
1.56 
0.06 
3.84 
61.22 
63.71 
67.32 
1.08 
44 
15 
22 
3 
48 
8 
76 
26 
631 
8 
348 
27 
48 
4 
R-25 
78.74 
0.42 
9.27 
0.11 
1.96 
3.8 
0.02 
0.44 
1.42 
0.1 
3.6 
50.29 
50.35 
54.88 
1.20 
30 
28 
62 
0 
62 
6 
84 
23 
425 
11 
335 
28 
47 
4 
R-26 
74.35 
0.62 
10.78 
0.06 
1.91 
3.44 
1.76 
0.51 
1.65 
0.08 
4.69 
54.86 
55.95 
60.36 
1.43 
41 
14 
20 
0 
34 
7 
82 
22 
736 
9 
360 
30 
61 
4 
R-27 
83.12 
0.47 
10.04 
0.02 
2.16 
0.18 
0.08 
0.46 
1.45 
0.1 
1.76 
79.21 
88.86 
90.44 
0.48 
32 
17 
34 
4 
37 
5 
68 
26 
580 
7 
340 
29 
61 
4 
R-28 
77.81 
0.62 
13.01 
0.01 
2.6 
0.81 
0.15 
0.57 
1.92 
0.14 
2.19 
74.44 
82.09 
84.51 
0.56 
43 
15 
71 
11 
90 
12 
92 
51 
691 
10 
470 
34 
62 
5 
Grey Shale 
B-1 
59.71 
1.21 
24.37 
0 
1.85 
0.23 
0.92 
0.48 
2.46 
0.07 
8.44 
86.35 
94.83 
95.37 
0.37 
111 
11 
39 
72 
1 
43 
174 
42 
728 
16 
470 
48 
82 
6 
B-2 
52.31 
1.2 
23.3 
0 
1.55 
0.29 
0.79 
0.34 
2.46 
0.06 
7.48 
86.17 
95.07 
95.61 
0.36 
106 
10 
31 
65 
0 
40 
169 
52 
859 
16 
465 
57 
115 
5 
B-3 
59.22 
0.94 
20.13 
0.01 
2.28 
0.34 
0.86 
0.61 
2.67 
0.06 
2.67 
81.77 
91.55 
92.67 
0.46 
91 
13 
28 
38 
1 
32 
160 
45 
788 
13 
548 
37 
72 
4 
G-1 
51.77 
1.34 
20.57 
0.02 
8.01 
0.2 
2.37 
1.48 
2.53 
0.07 
1.48 
79.00 
86.75 
88.31 
0.89 
133 
19 
62 
27 
80 
48 
159 
28 
421 
16 
213 
37 
82 
5 
G2 
60.66 
1.21 
19.22 
0.02 
6.84 
0.8 
2.31 
1.35 
2.39 
0.06 
4.99 
75.60 
82.17 
84.19 
0.94 
127 
17 
53 
24 
73 
34 
133 
34 
560 
12 
224 
32 
57 
5 
75 
Table 12. Correlation coefficient among chemical parameters of Ridge Sandstone 
and Grey Shale, Jumara Dome, Kachchh, Gujarat. 
A- Ridge Sandstone 
Si02 
Ti02 
AI2O3 
MnO 
FejCh 
CaO 
MgO 
NazO 
K2O 
P2O5 
CIA 
Cr 
Co 
Ni 
Rb 
Ba 
Y 
Zr 
Nb 
La 
Sm 
Cu 
Zn 
Ga 
Ce 
SIO2 
1.00 
0.47 
0.20 
-0.57 
0.61 
-0.85 
0.05 
0.03 
h0.30 
0.46 
0.78 
0.45 
0.70 
0.60 
0.31 
0.08 
0.05 
0.46 
0.37 
0.36 
0.38 
0.33 
0.31 
0.62 
0.44 
Ti02 
1.00 
0.79 
-0.26 
0.65 
-0.74 
0.24 
0.60 
0.47 
0.02 
0.78 
0.96 
0.40 
0.59 
0.64 
0.58 
0.40 
0.94 
0.33 
Lo.03 
0.06 
0.53 
0.12 
0.83 
•0.04 
AI2O3 
1.00 
-0.18 
0.39 
-0.57 
-0.09 
0.85 
0.79 
-0.15 
0.71 
0.71 
0.87 
0.23 
0.77 
0.85 
0.42 
0.73 
0.30 
•0.15 
•0.06 
0.69 
•0.15 
0.79 
-0.18 
MnO 
1.00 
-0.16 
0.36 
0.16 
0.06 
0.18 
•0.45 
•0.39 
0.12 
0.01 
0.15 
0.00 
O.06 
O.30 
0.41 
0.05 
0.43 
0.57 
0.16 
001 
0.56 
0.45 
FszOs 
1.00 
-0.78 
0.46 
0.28 
0.08 
0.17 
0.75 
0.64 
0.59 
0.66 
0.29 
0.45 
0.05 
0.47 
0.21 
0.00 
-0.07 
0.66 
0.73 
0.75 
0.10 
CaO 
1.00 
0.24 
0.43 
•0.12 
•0.12 
•0.19 
0.95 
0.79 
0.72 
0.73 
0.58 
O.07 
0.64 
0.41 
0.17 
O.07 
0.62 
0.36 
0.86 
0.24 
MgO 
1.00 
0.13 
•0.16 
0.18 
0.07 
0.21 
0.09 
0.18 
0.00 
O.03 
0.42 
0.11 
0.05 
0.04 
0.12 
0.03 
0.57 
0.16 
0.14 
Na20 
1.00 
0.91 
-0.21 
0.56 
0.72 
0.25 
0.57 
0.69 
0.90 
0.36 
0.57 
0.23 
-0.34 
-0.31 
0.65 
-0.15 
0.59 
-0.37 
K2O 
1.00 
O.50 
0.66 
0.90 
0.02 
0.42 
0.92 
0.43 
0.10 
0.55 
0.79 
0.40 
0.34 
0.81 
0.21 
0.89 
0.29 
P2O5 
1.00 
0.12 
0.10 
0.08 
0.34 
0.07 
O.04 
0.46 
0.05 
0.39 
0.73 
0.68 
0.24 
0.31 
0.04 
0.70 
CIA 
1.00 
0.84 
0.62 
0.76 
0.58 
0.59 
0.21 
0.73 
0.29 
0.03 
0.03 
0.69 
0.22 
0.91 
0.40 
Cr 
1.00 
0.50 
0.66 
0.73 
0.69 
0.29 
0.85 
0.37 
0.14 
O.08 
0.62 
0.11 
0.89 
0.13 
Co 
1.00 
0.73 
0.73 
0.49 
0.11 
0.32 
0.53 
O.08 
O.03 
0.25 
0.34 
0.62 
O.04 
NI 
1.00 
0.57 
0.09 
0.46 
0.55 
0.43 
0.00 
0.00 
0.68 
0.32 
0.77 
0.02 
Rb 
1.00 
0.70 
0.20 
0.47 
0.81 
0.08 
0.21 
0.91 
0.12 
0.68 
0.06 
Ba 
1.00 
0.43 
0.49 
0.28 
0.16 
0.17 
0.85 
0.12 
0.67 
0.18 
Y 
1.00 
0.50 
0.50 
0.13 
0.21 
0.44 
0.04 
0.44 
0.02 
Zr 
1.00 
0.13 
0.02 
0.05 
0.44 
0.05 
0.76 
O.05 
Nb 
1.00 
0.34 
0.48 
0.21 
0.02 
0.38 
0.33 
La 
1.00 
0.63 
0.09 
0.16 
O.04 
0.95 
Sm 
1.00 
0.01 
O.08 
0.06 
0.61 
Cu 
1.00 
0.40 
0.66 
0.06 
Zn 
1.00 
0.26 
Ga 
1.00 
0.20 D.50 
Ce 
1.00 
B- Grey Shale 
SiCfe 
TiCfe 
AbCb 
MnO 
FeaOs 
CaO 
MgO 
NazO 
K2O 
P2O5 
CIA 
Cr 
Co 
NI 
Rb 
Ba 
Y 
Zr 
Nb 
La 
Sm 
Cu 
Zn 
Ga 
Ce 
SIO2 
1.00 
•0.85 
•0.38 
0.02 
-0.30 
•0.13 
•0.38 
•0.24 
0.90 
-0.48 
0.00 
-0.72 
-0.12 
-0.55 
0.05 
0.55 
0.33 
0.37 
•0.38 
-0.20 
-0.89 
-0.22 
-0.37 
-0.57 
•0.08 
Ti02 
1.00 
0.18 
0.24 
0.57 
•0.09 
0.60 
0.49 
-0.67 
0.59 
-0.15 
0.88 
0.42 
0.77 
-0.04 
•0.74 
-0.54 
•0.63 
0.53 
0.10 
0.66 
-0.04 
0.60 
0.81 
0.19 
AI2O3 
1.00 
•0.89 
-0.68 
-0.61 
-0.66 
•0.73 
-0.20 
0.40 
0.92 
-0.26 
-0.76 
-0.41 
0.85 
0.51 
0.55 
0.53 
0.78 
0.88 
0.68 
0.97 
•0.66 
0.45 
0.69 
MnO 
1.00 
0.93 
0.49 
0.91 
0.96 
0.01 
0.01 
0.97 
0.64 
0.97 
0.77 
0.81 
O.80 
0.85 
0.85 
0.51 
0.89 
0.35 
0.98 
0.91 
O.04 
0.68 
Fe203 
1.00 
0.36 
0.99 
0.99 
-0.24 
0.24 
-0.87 
0.87 
0.98 
0.94 
-0.68 
-0.95 
-0.93 
-0.96 
-0.23 
-0.72 
-0.05 
-0.84 
0.99 
0.28 
-0.51 
CaO 
1.00 
0.45 
0.40 
0.47 
0.59 
O.70 
0.25 
0.32 
0.21 
0.91 
0.42 
0.21 
0.18 
0.84 
•0.54 
-0.16 
-0.51 
0.42 
-0.64 
-0.63 
MgO 
1.00 
0.99 
0.36 
0.21 
0.87 
0.90 
0.95 
0.95 
0.73 
0.97 
0.92 
0.95 
0.26 
-0.71 
0.03 
-0.81 
1.00 
0.25 
0.54 
NazO 
1.00 
-0.20 
0.22 
-0.90 
0.83 
0.99 
0.92 
-0.72 
-0.92 
-0.94 
-0.96 
-0.31 
-0.79 
-0.09 
-0.87 
0.98 
0.21 
-0.60 
K2O 
1.00 
O.06 
0.13 
0.61 
O.05 
O.40 
0.31 
0.52 
0.15 
0.20 
O.06 
-0.16 
-0.69 
-0.13 
-0.34 
-0.21 
0.02 
P2O5 
1.00 
0.18 
0.45 
0.23 
0.49 
0.44 
0.25 
O.50 
0.49 
0.66 
0.03 
0.65 
0.18 
0.20 
0.85 
0.02 
CIA 
1.00 
0.58 
0.89 
0.69 
0.93 
0.77 
0.76 
0.75 
0.68 
0.90 
0.35 
0.96 
0.87 
0.24 
0.76 
Cr 
1.00 
0.76 
0.96 
0.46 
0.96 
0.83 
0.88 
0.11 
-0.36 
0.42 
0.47 
0.89 
0.56 
0.25 
Co 
1.00 
0.89 
-0.67 
-0.87 
0.94 
0.95 
0.30 
0.82 
0.18 
O.90 
0.95 
0.21 
O.60 
NI 
1.00 
0.49 
0.96 
0.94 
0.97 
0.02 
0.55 
0.27 
0.62 
0.95 
0.52 
O.40 
Rb 
1.00 
0.66 
0.52 
0.51 
0.82 
0.77 
0.31 
0.82 
0.71 
0.47 
0.72 
Ba 
1.00 
0.86 
0.91 
0.12 
0.54 
-0.18 
0.68 
-0.98 
0.36 
0.38 
Y 
1.00 
0.99 
0.14 
0.75 
-0.11 
0.73 
-0.91 
-0.38 
0.62 
Zr 
1.00 
0.07 
0.68 
0.12 
0.72 
0.94 
0.45 
0.51 
Nb 
1.00 
0.71 
0.54 
0.62 
0.24 
0.86 
0.77 
La 
1.00 
0.38 
0.89 
0.69 
0.30 
0.92 
Sm 
1.00 
0.55 
0.00 
0.59 
0.17 
Cu 
1.00 
0.81 
0.21 
0.67 
Zn 
1.00 
0.27 
O.50 
Ga 
1.00 
0.41 
Ce 
1.00 
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Table 13. Post Archean Australian Shale (PAAS) normalized VWu^of Major 
and trace elements of Ridge Sandstone and Grey Shale, Jumar Dome, Kachchh, 
Gujarat. 
Elememts 
SiOj 
Mfi, 
TiOj 
FejOj 
MgO 
CaO 
NajO 
KjO 
P2O5 
Rb 
Ba 
Zr 
Nb 
Y 
La 
Ce 
Sm 
Cr 
Co 
Ni 
Cu 
Ridge Sandstone 
R-3 
1.21 
0.77 
0.59 
0.35 
0.21 
0.30 
0.53 
0.51 
0.31 
0.59 
0.71 
3.30 
0.47 
0.81 
0.71 
0.56 
0.71 
0.42 
0.74 
0.60 
0.30 
R-8 
1.21 
0.43 
0.31 
0.09 
0.11 
5.97 
0.27 
0.34 
0.63 
0.41 
0.45 
1.40 
0.42 
0.56 
1.03 
0.93 
0.89 
0.15 
0.48 
0.00 
0.00 
R-9 
1.18 
0.51 
0.34 
0.14 
0.08 
6.55 
0.30 
0.39 
0.81 
0.49 
0.51 
1.48 
0.53 
1.00 
1.24 
1.40 
0.89 
0.18 
0.35 
0.05 
0.04 
R-10 
1.20 
0.42 
0.35 
0.51 
0.96 
3.77 
0.28 
0.36 
0.63 
0.39 
0.54 
1.32 
0.42 
0.48 
0.87 
0.89 
0.71 
0.20 
0.65 
0.20 
0.22 
R-11 
1.09 
0.52 
0.39 
0.16 
0.10 
10.87 
0.34 
0.43 
0.63 
0.46 
0.50 
1.96 
0.47 
1.00 
0.74 
0.55 
0.89 
0.21 
0.35 
0.04 
0.04 
R-15 
1.14 
0.52 
0.43 
0.18 
0.06 
7.10 
0.38 
0.44 
0.56 
0.43 
0.54 
2.07 
0.42 
0.96 
0.66 
0.49 
0.71 
0.24 
0.39 
0.07 
0.00 
R-16 
1.12 
0.64 
0.49 
0.31 
0.33 
2.17 
0.51 
0.52 
0.44 
0.58 
0.67 
1.97 
0.53 
0.70 
0.74 
0.56 
0.54 
0.36 
0.65 
0.67 
0.35 
R-lg 
1.07 
0.51 
0.40 
0.16 
0.11 
9.11 
0.36 
0.43 
0.50 
0.34 
0.52 
2.57 
0.26 
1.37 
0.82 
0.58 
0.54 
0.21 
0.30 
0.20 
0.09 
R-21 
1.11 
0.55 
0.42 
0.18 
0.07 
7.23 
0.48 
0.50 
0.56 
0.48 
0.64 
2.19 
0.42 
1.22 
0.76 
0.64 
0.71 
0.25 
0.48 
0.45 
0.22 
R-22 
1.03 
0.49 
0.24 
0.14 
0.04 
11.00 
0.38 
0.47 
0.25 
0.39 
0.55 
0.89 
0.32 
0.70 
0.42 
0.26 
0.54 
0.15 
0.35 
0.05 
0.00 
R-23 
1.26 
0.61 
0.53 
0.52 
0.07 
0.34 
0.43 
0.44 
0.75 
0.46 
0.62 
2.94 
0.42 
1.07 
0.87 
0.84 
0.71 
0.35 
0.70 
1.22 
0.35 
R-24 
1.21 
0.61 
0.62 
0.39 
0.46 
2.07 
0.34 
0.42 
0.38 
0.48 
0.54 
3.00 
0.42 
0.96 
0.71 
0.60 
0.71 
0.40 
0.65 
0.40 
0.13 
R-25 
1.26 
0.49 
0.42 
0.30 
0.01 
2.93 
0.37 
0.38 
0.63 
0.53 
0.52 
2.02 
0.58 
0.85 
0.74 
0.59 
0.71 
0.27 
1.22 
1.13 
0.00 
R-26 
1.19 
0.57 
0.62 
0.29 
0.80 
2.65 
0.43 
0.45 
0.50 
0.51 
0.55 
3.50 
0.47 
0.81 
0.79 
0.76 
0.71 
0.37 
0.61 
0.36 
0.00 
R-27 
1.33 
0.53 
0.47 
0.33 
0.04 
0.14 
0.38 
0.39 
0.63 
0.43 
0.52 
2.76 
0.37 
0.96 
0.76 
0.76 
0.71 
0.29 
0.74 
0.62 
0.17 
R-28 
1.24 
0.69 
0.62 
0.40 
0.07 
0.62 
0.48 
0.52 
0.88 
0.58 
0.72 
3.29 
0.53 
1.89 
0.89 
0.78 
0.89 
0.39 
0.65 
1.29 
0.48 
Avg. Sandstone 
1.18 
0.55 
0.45 
0.28 
0.22 
4.55 
0.39 
0.44 
0.57 
0.47 
0.57 
2.29 
0.44 
0.96 
0.80 
0.70 
0.73 
0.28 
0.58 
0.46 
0.15 
Grey Shale 
B-1 
0.95 
1.29 
1.21 
0.29 
0.42 
0.18 
0.40 
0.67 
0.44 
1.09 
0.72 
3.47 
0.84 
1.56 
1.26 
1.03 
1.07 
1.01 
0.48 
0.71 
3.13 
B-2 
0.99 
1.24 
1.20 
0.24 
0.35 
0.22 
0.28 
0.67 
0.38 
1.06 
0.72 
4.09 
0.84 
1.93 
1.50 
1.44 
0.89 
0.96 
0.43 
0.56 
2.83 
B-3 
1.10 
1.07 
0.94 
0.35 
0.39 
0.26 
0.51 
0.72 
0.38 
1.00 
0.84 
3.75 
0.68 
1.67 
0.97 
0.90 
0.71 
0.83 
0.57 
0.51 
1.65 
G-1 
0.99 
1.09 
1.34 
1.23 
1.08 
0.15 
1.24 
0.68 
0.44 
0.99 
0.33 
2.00 
0.84 
1.04 
0.97 
1.03 
0.89 
1.21 
0.83 
1.13 
1.17 
G-2 
0.97 
1.02 
1.21 
1.05 
1.05 
0.62 
1.13 
0.65 
0.38 
0.83 
0.34 
2.67 
0.63 
1.26 
0.84 
0.71 
0.89 
1.15 
0.74 
0.96 
1.04 
Avg. Shale 
1.00 
1.14 
1.18 
0.63 
0.66 
0.29 
0.71 
0.68 
0.40 
0.99 
0.59 
3.20 
0.77 
1.49 
1.11 
1.02 
0.89 
1.03 
0.61 
0.77 
1.97 
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SUMMARY AND CONCLUSION 
Kachchh Basin is an ideal site for the study of marine history and operation of 
geological processes during the early phase of the opening of Indian ocean during 
Jurassic times. The Basin extends between latitudes 22° 30' and 24° 30' N and 
longitudes 68° and 72° E covering entire Kachchh district and western part of the 
Banaskantha district of Gujarat state. It is an east west oriented pericratonic 
embayment opening and deepening towards the sea in the west towards the Arabian 
Sea. The Mesozoic rocks in the Kachchh Basin ranges from Middle Jurassic to Lower 
Cretaceous and are exposed extensively in the Kachchh Mainland,Wagad, the Island 
of Patcham, Bela, Khadir and Chorar. Shallow marine Jurassic rocks are extensively 
spread in the Kachchh region ranging in age from Bajocian to Albian which rest 
unconformably on the Precambrian basement (Datta,1983; Bardan and 
Datta,1987;Biswas et al., 1983). Importance of petrography, petrofacies, diagenesis 
and geochemistry of Ridge Sandstone, Jumara Dome sediments studied to interpret 
provenance and tectonic history of Kachchh Basin as well as degree of compaction, 
cementation and depth of burial of enclosed sediments. 
In the present work one lithostratigraphic section is described. Twenty five 
representative sandstone samples were collected for their petrographic examination. 
The sandstone samples were cut into standard petrographic thin sections. They were 
stained with cobaltnitrate for potassium feldspar recognition. 150-200 grains were 
counted for thin sections. Standard petrological techniques using a polarizing 
microscope were employed to describe the thin sections. The heavy mineral 
identification was undertaken following Krumbein and Pettijohn(1938) and Milner 
(1962). Taylor (1950) method was applied for the study of the nature of detrital grains 
contact. Detrital mineralogy of the sandstones including lighter and heavy minerals 
was studied for the purpose of ptrographic classification of the sandstones and 
interpretation of their provenance. Classification scheme of Folk(1980) based on 
composition of detrital constituents and Dickinson(1985) scheme based on the 
tectonic setting of the provenance were used .The factor of climate ,transport and 
diagenesis that influence the framework composition of sandstones were studied to 
evaluate their effect on the detrital modes of sandstone. Twenty one samples of 
sedimentary rocks (sandstone and shale) were chosen for geochemical analysis. 
According to Folk(1980) classification, the Ridge Sandstone are mainly quartzarenite 
and subarkose. The framework grains are mainly quartz followed by feldspar, rock 
fragments, micas and heavy minerals. The Ridge Sandstone of Jumara Dome were 
derived from a variety of source rocks comprising granite batholiths/ igneous plutons, 
magmatic arc, granitic gneisses, pegmatite or schist, metaquartzite and quartz vein 
etc. 
The statistical parameters of grain size analysis show that the sandstone are generally 
medium grained , moderately sorted, subrounded and have low sphericity. Bivarient 
plots of various parameters has indicate moderate significant relationship in textural 
parameters. The relationship of minus cement porosity versus mean size, sorting, 
roundness and sphericity show a poor to moderate trend and there is little significant 
relationship between these parameters. 
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In the present study, the detrital minerals of Ridge Sandstone were studied for the 
purpose of interpreting their provenance. Triangular diagrams of Dickinson (1985); 
Qt-F-L, Qm-F-Lt, Qp-Lv-Ls, Qm-P-K were used .The plots of Ridge Sandstone on 
Qt-F-L and Qm-F-Lt diagrams suggest that the detritus of sandstones were derived 
from the granite -gneisses exhumed in the craton interior and low to high 
metamorphosed supracrustal forming recycled orogen provenance. The Qp-Lv-Ls plot 
reveals the source in rifted continental margin. In the Qm-P-K diagram the data lie in 
the continental block provenance reflecting maturity of sediments and stability of 
source area. The provenance for Ridge Sandstone is believed to be weathered parts of 
the present day Aravalli Range situated northeast, east and southeast of the basin and 
Nagarparkar massif situated north and northwest of basin. 
Values of type of contacts in the studied sandstones are suggestive of limited pressure 
solution activity. The average minus cement porosity in the studied sandstones is 
27.36 percent which may be due to less mechanical compaction during early stage of 
diagenesis. Four types of cements are identified in the Ridge Sandstone , viz; 
carbonate, iron oxide, silica and clay. Clayey to silty matrix is present in varying 
amounts. The existing optical porosity (EOP) of the studied sandstones ranges from 2 
to 8 percent and an average 3.64 % and minus cement porosity values ranges from 20 
to 37 percent, an average 27.36 percent ,there by indicating that compaction was not 
significant factor in primary porosity reduction . The plot of COPL versus CEPL 
shows a clear decreasing trend of CEPL with increase in COPL suggesting that 
cementation was major cause of the porosity reduction .The average minus cement 
porosity plotted on standard graphs suggests a depth of burial about 1700-2450 m of 
the Ridge Sandstone. 
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Various chemical indices such as CIA, CIW, PIA and ICV suggest that Jumara Dome 
sediments may be interpreted to show moderate to high physical and chemical 
weathering. Heavy rainfall, vegetation, cover, relief, high surface temperature and 
high atmospheric CO2 are the major factors which control the intensity of weathering. 
The studied sandstones plot along a trend line parallel to A-CN axis emerging from 
diorite reaching up to illite stability zone. It therefore suggest that diorite was the 
source rock of these elastics. Most of the studied samples plot in P4 field (Passive 
orogenic terrain) indicating there by that they are derived from recycled orogenic 
terrain which is considered to host granite-gneissic or quartzose sedimentary rocks 
and studied samples fall in passive margin setting. The ICV values also indicate that 
the sedimentation took place in passive margin tectonic setting. 
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